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Focus of lecture is secondary survey of thoracic trauma - injury to chest 
accounts for up to 75% of trauma related deaths (because many of these 
deaths are mediastinal injuries that occur at the scene of the accident) 
Majority of injuries are peripheral and may be managed non-operatively 
through medical intervention by general practitioners 

Peripheral injury to lower thorax may involve solid abdominal viscera 
because trunk is just divided by diaphragm. During inspiration, 
diaphragm rises to 4" ICS as such, injuries to lower chest can also affect 
liver, spleen stomach and pancreas 

Central injuries require operative intervention more frequently: this 
involves, heart, great vessels, oesophagus, and trachea 

Major thoracic trauma requires ventilation 


Assessment of thoracic Trauma: What do we need to do clinically - we need to 
do as much as possible 


a. 


b. 


Clinical: Inspection, palpation, percussion, and auscultation are very 
valuable 

Laboratory & Radiological 

Up to 80% of injuries can be detected clinically and then together with a 
chest x-ray in the majority of patients, that is all that is required to 
identify things like we have haemothorax, pneumothorax etc. 

For blunt cardiac injury, electrocardiography and all cardiac enzymes 
may be helpful. B&P can be useful especially for Blunt cardiac injury and 
obviously we want to know how the patient is oxygenating and if they're 
clearing CO2 so for this purpose and an arterial blood gas is useful 

90% of Injuries will be identified on plain chest x-ray probably with the 
exception of all rib fractures because one will only see somewhere 
between 15 and 20% of rib fractures but most of the other pulmonary 
injuries and certainly some of the cardiac injuries can be suspected 

CT angiography of the chest which will show us the aorta and the 
perfusion of the lungs 

Selective angiography in small % of patients 

Water soluble swallow for suspected oesophageal injury mainly in the 
context of penetrating trauma especially where there is trans mediastinal 
injury 

Echocardiography is useful where you have abnormal cardiac enzymes 
when there’s a suspicion of blunt cardiac injury. Its more sensitive and 
specific than ECG alone 


Approach to the chest x-ray 


Airways is assessed first: to identify the bifurcation of the trachea and 
both main bronchi 

Breathing: One wants to examine the lungs & be able to follow out the 
lung markings to the periphery on both sides equally to identify things 
like pneumothorax or haemothorax. You will also look at the at the 
costophrenic angles which will give you an indication of fluid inside the 
chest. 


- Cardiac Shadow & mediastinum: cardiac shadow should be less than half 
of the diameter of the chest at the level of the broadest section of the 
heart and the mediastinum should measure, at the level of T4, less than 8 
centimetres across 

- Diaphragm: this is useful to identify any diaphragmatic hernia or free air 
under the diaphragm for which a chest x-ray is far more sensitive than an 
abdominal X-ray. 

- Everything else: the lines, the tubes, the rest of the bones, the clavicle, 
the scapula, the neck, or head of humerus if they are visible and even the 
spine which you may see through the cardiac shadow 


1. Haemothorax 

- Most common injuries 

- Picture on left - Haemothorax of moderate size on an erect chest x-ray 
with an air fluid level. 


Picture on right: a supine patient where all you see is the whole lung field is 
slightly hazy. This is known as the SHADED LUNG SIGN or the VEILED 
LUNG SIGN. This is important because many of our poly trauma patients 
cannot sit up for their chest x-ray and the classic air fluid level will not be 
visible 


2. Pneumothorax 

- Pneumothoraces occur from the procedures or from injuries; procedures 
such as the placement of a central venous line or from injuries like stab 
wounds or even blunt trauma with broken ribs 


Left picture: a small left sided pneumothorax 


Right picture: massive pneumothorax which is tensioned - causing distortion of 
the mediastinum as a result of which the heart cannot fill, and the patient will 
have signs of shock (hyperresonance, decreased air entry a low blood pressure). 
This diagnosis should be made clinically 


Treatments 
e Needle Decompression 


Primary treatment of chest injuries on the peripheral side is the placement of a 
chest drain, but for tension pneumothorax, the treatment of choice is to first 
decompress the chest while you place the chest drain because it takes time, and 
your patient may be hemodynamically compromised. Traditionally the access 
point was the midclavicular line in the 2nd intercostal space (black cross on top 
left picture), however CT scan studies from all over the world have now shown 
that for the average needle that is used for a needle decompression, the chest 
wall diameter is thicker at the 2nd intercostal space, because of the pectoralis 
muscle and other structures than at the same point where you would put in your 
chest drain. Now recommending the 


midaxillary line (pictures below) 


e Pitfalls in clinical assessment 


Important to realise that the initial chest x-ray may change: 


Left Xray: there’s no overt chest pathology but there is a very hazy looking left- 
sided diaphragm. Subsequently when this patient was mobilized, you will notice 
that there is now a stomach bubble sitting in the chest (right Xray), so there 
was a diaphragm injury that really only herniated later on in the patient's 
course. It’s important in that you need to look for these kind of things in the 
tertiary survey. 


e Pitfalls in Radiology 


Chest x-ray itself, particularly in severe blunt chest trauma can under diagnose 
the severity of injury. Left side of x-ray is the same patient as you see on the CT 
scan cut on the right-hand side. On left Xray, the right chest has rib cremating, 
but the left chest doesn't look bad. 


If you look at the CT scan however there are bilateral pneumothoraces. It is 
because of the associated lung contusions of the posterior components of the 
chest you cannot visualise on the chest X-ray. Additionally, there's quite a lot of 
Surgical emphysema including a pneumopericardium - all of which would be 
difficult to diagnose on the chest X-ray. 


3. Blunt Thoracic Trauma 

- Very common especially as an indication for ICU admission. You will 
notice on chest Xray of patient who fell off a tractor and it’s wheels drove 
over him > he has multiple rib fractures and some lung contusion of the 
right hand side 

- We've looked at our data from the trauma unit on a number of occasions, 
but you will notice the majority of patients that we deal with that have 
severe blunt chest trauma come from motor vehicle crashes. As such 
the mortality increases exponentially as the patients have chest injuries 
with other injuries WITH other injuries, or importantly, if they have a flail 
chest 


4. Rib fractures 

- As few as 50% (and sometimes even less) rib fractures are visible on plain 
X-ray. 

- It is obvious however, that the more x-ray visible rib fractures you see, 
the more severe the underlying chest soft tissue injury is, because the 
ribs protect underlying lung and soft tissue 

- Site: of the rib injuries contributes to the associated injuries: 

e a fracture of the first or second rib is often associated with a major 
vascular injury of the subclavian artery 

e mid thoracic rib fractures are associated primarily with pulmonary 
injuries such as lung contusion and may be accompanied by a sternal 
fracture 

e the lower rib fractures may be an indication of an associated abdominal 
injury 
f 

- Age: the older the person is, the more likely rib fractures, yet the elderly 
they may have minor injury because they have brittle ribs, whereas in 


children they may have bendable cartilaginous ribs and yet have massive 
underlying pulmonary contusion. 

Number of fracture sites: the more rib fractures, the higher the mortality 
& the presence of a flail chest, the higher the mortality 


. Flail Chest 
Flail chest is where a number of rib fractures occur on adjacent ribs (at 
least two) and there's multiple fractures on each individual rib. There will 


be a free-floating segment of rib that moves paradoxically (in the opposite 
direction) to the normal respiratory pattern > so when the patient in the 


inspires, it sucks in and when they expire, it blows out 
There is a ventilation/perfusion (V/Q) mismatch 


It may also occur where there are rib fractures in one place of the rib, but 
the costochondral cartilages are damaged (right picture). These are 
severely painful injuries - patient's breathing fast and shallow > When 
they breathe fast and shallow, they blow off CO2. At some point they 
come to a point of tiredness, and they eventually stop bleeding 
Modern management includes the possibility of rib fixation, but this is 
still a pathology in development and the patients need to be carefully 
selected. 

The majority of rib fractures do not require any major infixation but if 
there's a flail chest or if the patient is struggling to come off the 
ventilator, that is the time to consider the fixation. 


. Pulmonary Contusion 
Contusion in most medical parlance refers to a bruise, and unfortunately 


lung contusion is far more than just a bruise of the underlying lung. It is 
that lung laceration with a significant intrapulmonary haemorrhage, 
which is resulting from a lung shearing across the vertebral column 
When the fractures are anterior, the pulmonary contusion is usually 
posteromedial, although it may involve the whole lung 

If there is a haemothorax or pneumothorax present, it implies that the 
pleura has torn 

Pathophysiology: these patients have a loss of their functional residual 
capacity, lung compliance is reduced, they have a ventilation/perfusion 
mismatch with an increase in the so-called shunt fraction. This leads to 
hypoxic pulmonary vasoconstriction. There’s a spill over of blood and 
inflammatory material into the contralateral lung (often if it is an injured) 
and the contralateral lung is then damaged by this inflammatory 
response. > The rib fractures may be on the one side, and the lung 
contusion may be on the one side, both lungs are usually involved 

It gets worse before it gets better: the common error is a patient that has 
a little bit of fluffy opacities on the chest x-ray, but he's got a femur 
fracture getting sent to the orthopaedic ward and he quietly progresses 
with his lung contusion and presents with respiratory distress and 
hypoxia 

Management: More important is the early management and that is for the 
patients with severe lung contusion such as if the image is on the right - 


early intubation and positive pressure ventilation. If the patient is 
fully conscious and is able to maintain oxygenation on a non-invasive 
ventilator, this is also an option especially for the less severe lung 
contusion 

- Fluid restriction has been shown to be of no benefit. Give the patients as 
much fluid as they need, but do not fluid overload. 


Pictures of Pulmonary Contusion: Xray on left and CT scan on right illustrate 
the invisible occult pneumothorax that may occur in these patients and for this 
reason it is very important that when one has a patient with severe bilateral 
chest trauma, that a liberal approach using a CT scan is followed 


Management of Lung Contusion 


- Determinant of how to manage the patient is by the degree of injury to 
the bone and the degree of injury to the lungs, so if the injuries are: 

e Minor: Minor fractures and limited lung contusion, the treatment is 
supplemental oxygen and analgesia associated with good physiotherapy 

e Moderate: if both rib fractures are moderate (in terms of number) and 
the visceral lung contusion is moderate: consider non-invasive ventilation 
using a tight-fitting mask and axial regional anaesthesia (a spinal block or 
an epidural) combined with systemic analgesia 

e Major: major skeletal injuries with significant lung contusion and visceral 
injury: patients need intubation with full ventilation or continuous 
positive pressure ventilation, systemic analgesia be considered for 
surgery such as for the fixation of the ribs 


Picture of Patient who was driven over by tractor > see his rib fractures on the 
initial X-Ray and he ended up with a with a physical chest deformity during the 
healing process. He dressing over his neck because his tracheostomy had been 
removed. He was in hospital for about 40 days. 


Rib Fixation - “Rib plating” 


- For the patient with multiple rib fractures, there is the option to plate 
their ribs with a metal plate, of the same way the fractures of the arms or 
legs can be plated 


Indications for this are still developing: 


e certainly, if a patient requires a thoracotomy for other reasons, there's an 
option to fix the ribs 

e if the patient has a flail chest and is otherwise kept in hospital simply 
because the pain of the ribs is excruciating and they're not requiring 
intubation and ventilation (CPPV) 

e Patients who have extensive chest wall deformities, such as the former 
patient 

e Importantly, there's no benefit in patients who need ventilation for major 
pulmonary contusion because by the time there lung contusion he heals 
up within a week or two, the ribs are usually somewhat ossified 


. Aortic Rupture 


Often incorrectly called aortic dissection, is an injury associated primarily 
with blunt chest trauma 

It is a mechanism of a rapid acceleration, deceleration with some degree 
of torsion 

Majority of injuries occur at the isthmus, which was the point where the 
ligamentum arteriosum attaches the aorta to the heart, and this is the 
fixed vs mobile portion in the chest and the postulated mechanisms for 
these injuries include tensile stretch and osseus pinch into the spine 
injury, sheer injury or even a counter pressure injury such as a water 
hammer effect 

Aortic rupture used to be considered a death sentence and thats a 
reflection of the severity of the injury - 90% of patients with an aortic 
rupture have a free rupture and are dead on scene or soon after arrival at 
hospital 

The injuries consist of a spectrum: most injuries in hospital consist of only 
an intimal tear with or without a pseudocoarctation. Sometimes an intima 
media injury with a pseudoaneurysm. Patients with full thickness 
ruptures are rapidly fatal. 

These injuries occur in patients who are usually polytraumas, with other 
lung injuries and the imaging of choice to make the diagnosis is the CT 
with contrast of the mediastinum 


Aortic Rupture Chest Xray and CT scan: the first sign is the presence of a wide 
mediastinum. Mediastinum is > 8cm wide, otherwise known as the credit card 
test - that means the patient needs further imaging 


X-ray of the left shows the mediastinum of 10cm width at the 4th intercostal 
space, which shows a pseudoaneurysm or a grade 3 injury of the arch of the 


aorta 


Management 


Patients should not be rushed to theatre. They are managed first dealing 
with all the other injuries - controlling blood pressure (aiming for a 
systolic around 100 and a pulse at around 100 > with the use of beta- 
blockers and vasodilators). They need analgesia and sedation - gives the 
vascular surgeons a chance to image the patient and prepare the 
patient's kidney function so that they can go and do endovascular 
stenting (the procedure of choice in current practice) 

It's associated with less mortality, lower rate of paraplegia 

In the open surgery (picture on top) you have to clamp the aorta above 
and below the injury and the risk of paraplegia is high 

20% spent complication rate but most of those complications are dealt 
with fairly easily by further endovascular means. We do not know the 
long-term complications of stenting 


Blunt Cardiac Injury 
Blunt cardiac injury is common. It is as a result of rapid deceleration or a 


direct blow to the chest - causing a dysrhythmia called Comosio cordis 
no standard definition and the incidence are unknown 


- itis a spectrum of injury from a minor contusion of the muscle wall to 
lacerations of the valves, ruptures of the chambers or even bursts atrial 
appendages 

- in any patient with significant Blunt chest injury, such as a car crash with 
entrapment or a fall from a height, it is important to do a screening ECG 
and cardiac enzymes (specifically the troponin I has been seen as 
the most sensitive marker) 

- if itis raised, the next step is to do echocardiography and look at the 
cardiac wall motion to determine if there is any dyskinesia. 


9. Rupture of the Diaphragm 
- Diaphragm is a thin muscle 3-4 mm thick and largely tendonous in the 


central portion. While the right-sided rupture as seen in the left image is 
uncommon, around about 20% only, left-sided rupture as seen in the right 
image is very common (2%? most common intrathoracic and abdominal 
injury from blunt trauma, after lung contusion) 

- Only about 30% of diaphragm ruptures will come with a hernia present at 
the initial X-ray 

- They may have a normal x-ray initially because there is positive pressure 
ventilation. Once they are weaned from ventilation, is important to redo 
the chest x-ray to make sure that there is no late herniation > missed 
injuries carry a high morbidity rate and how we manage them depends on 
timing 

- The early presenters are treated by laparotomy reduction of the 
hernia contents and repair of the diaphragm 

- Those who present as a late pathology; it is safer because adhesions to 
approach it through the chest 


10.Tracheobronchial Injury 
- Tracheobronchial individual/ruptures are uncommon because the trachea 


is protected by all the surrounding structures 

- They carry a high mortality rate because if your lung is free floating and 
not ventilating, the patient is not going to oxygenate 

- The most common site is approximately 2 cm from the bifurcation into 
the right main bronchus 

- These patients present with severe respiratory distress, mediastinal air, 
gross subcutaneous emphysema, a large pneumothorax that doesn't 
respond to one and two chest drains, and the FALLEN LUNG SIGN on 
chest X-ray 

- Management includes immediate intubation of the uninjured lung the 
side only using bronchoscopy and then calling your thoracic surgeons to 
take the patient to theatre and undertake a suitable repair 


Pictures of Chest Xray: two examples of the fallen lung sign 


On the left, the lung has fallen medially and inferiorly because the ligaments 
have detached from the lung 

On the right-hand side, tracheal injury with bilateral collapsed lungs in a patient 
who presented with bilateral pneumothoraces 


11.Penetrating Chest Trauma 
- Common in SA 


- When the knife is in the lower thoracic area, the question is > Injury in 
the chest or is the injury in the abdomen 

- There is a difference between the stab wounds and gunshot wounds 

e Stab wounds generally follow a straight path: the knife goes in, and the 
blade may break off and stay there but generally it comes out in reverse 
order 

e Bullets cross the mediastinum, so an injury on the right may damage 
structures on the patient's left by passing through the mediastinum > 
this is a challenge because the injured structures and the mediastinum 
include the heart, the oesophagus, or the major airways and the spinal 
cord if it is a more posterior injury 


Penetrating Cardiac Trauma 


Stabbed Hearts > presents with cardiac tamponade: the famous Beck's triad - 
a raised venous pressure in the neck, hypotension, and the presence of muffled 
heart sounds. 


- This is explained by the fact that the heart cannot fill during diastole 
(venous back pressure) and so because the heart cannot fill, there's no 
ejection fraction and there's hypotension 

- With the injury to the heart > causes blood around the hearts and the 
heart sounds are muffled 


Pericardiocentesis has not been shown to be of much use and the best attempts 
to repair the heart is through thoracotomy and primary suture 


The treatment of bleeding as to stop the bleeding and that is to close the hole 
in the heart 


Summary: 

- clinical assessment is reliable, plain chest Xray is the initial screen, CT scans 
are superior for blunt trauma, mast injuries are managed non-operatively, 
peripheral injuries may require drainage, central injuries have a high mortality 
rate 


PART 1 - ABDOMINAL TRAUMA 


- The abdomen & the pregnant abdomen are sources of bleeding and 
sources of contamination 

- The abdomen may harbour life threatening injuries, particularly ongoing 
bleeding and bowel injuries which cause sepsis. As such, the evaluation of 
the abdomen and the management an abdominal trauma, and particularly 
in the pregnant patients is important. 


Focus on the Abdomen 


For the unstable patient: focus on the abdomen is part of primary survey. Must 
stop the bleeding and contamination (damage control surgery). 

For the Stable Patient: does this patient have an intra-abdominal injury or is 
this patient just showing signs of chest and pelvic injury and not abdominal 
injury? 

Assessment of the abdomen 


- It's important to evaluate the abdomen clinically if the patient is 
evaluable. - the patient must have a GCS of at least 12/15 

- Look at the subtle clues such as the shape of the abdomen > (a 
distending abdomen is far more concerning than a distended or corpulent 
abdomen) 

- Absence of bowel sounds suggests an illuis, which would be in keeping 
with a bowl injury. (Look for absence rather than the presence) 
Most laparotomy patients will still have peristalsis taking place while 
operating so the absence of bowel sounds is far more important than the 
presence of them 

- Tenderness or peritonism requires a patient who is evaluable. Only use 
the percussion in the umbilicus when testing for rebound. The classic 
right iliac fossa press and release test, should be completely abandoned. 
It has very high false positive findings and you will end up unnecessarily 
operating 

- Wounds: If a patient has penetrating trauma to the chest or abdomen, It 
is important to mark the wounds anteriorly and posteriorly with radio 
opaque markers. A good suggestion is to use a paperclip, keeping it in its 
normal form for anterior wounds and bending it into a little triangle for 
posterior wounds and taping these on with a piece of micropore tape, 
then one can get an indication of wound tracts. 

- PR & PV Exams: Don't forget that a rectal exam, a vaginal exam and 
looking at the scrotum is part of the examination of the abdomen. 

- The hernia orifices are also a potential source of problems, but less so in 
the case of trauma. 


Pictures: 


At the top you see bullet wounds; Bottom left is a bullet wound; Top right is 
blunt trauma from direct tyre pressure over abdomen, or (bottom right) from 
the seat belt. The importance of these wound tattooing is to suggest to you that 
there is underlying abdominal injury. 


Special Exams 


The most important x-ray that you can do is a chest. If on the chest x-ray you 
see free air under the diaphragm. Diaphragm being demonstrated in this image 
by the left arrow on the right-hand side of the patient. The smaller arrow 
indicating the free air under the left diaphragm. If one sees this, this is an 
absolute indication for a laparotomy. There are exceptions, but they're in big 
units with senior clinicians who have lots of experience. 


Damage control Surgery 


Damage control surgery may be part of the management of abdominal trauma. 
The aim of damage control surgery is to stop the bleeding, control gut 
contamination, provide some form of a temporary closure such as a Bogota bag 
(as shown in this image). And to take the patient back for definitive surgery 
later on once all the physiological anomalies, the cold coagulopathy and acidotic 
patient has been resuscitated. This might take 24 to 48 hours in the ICU 


1. Penetrating Trauma 

- Itis common in SA: 60% of workload is blunt trauma and 40% is 
penetrating trauma 

- The problem with penetrating trauma is that it is more likely to injure the 
bowl and therefore lead to contamination and sepsis. Depending on 
where the patient has shot or stabbed, it is also likely to injure the liver, 
spleen. Injuries to the duodenum, the pancreas, and kidneys are less 
common, but may also occur. 

- The big risk, therefore, is sepsis, especially if there's a delay to 
laparotomy and contamination removal 

- Ifthe patient with penetrating trauma is bleeding, this will reveal itself 
early in the form of shock and hypotension 


An approach to Managing the patient with Penetrating Abdominal Trauma 


This is done during the secondary survey phase - once the patient has had there 
a ABCDE and has passed the primary survey > The question has to be asked, 
are they stable or not? 


If the patient has achieved hemodynamic stability, then there's place for further 
investigations. If the patient has not achieved hemodynamic stability, the 
default operation is a laparotomy. 


On the other hand, the Stable Patient should be examined carefully for clinical 
signs requiring laparotomy, such as a clinical acute abdomen, percussion 
tenderness on examination, the evisceration of bowl, if there's blood per 
rectum/per os (patient has vomiting with blood or there's blood on the glove 
when a rectal exam is done), free air on a chest x-ray, gunshot wound (GSW) 


SNOM: Selective non operative management - To do this, the patient who 
needs to be willing to stay ‘nil’ by mouth. NPO - nothing per oral. May be given 
analgesia but should not be given antibiotics. And the same doctor needs to 
review the patient clinically as well as get the observations done every four 
hours. If at any point the patient deteriorates by spiking a fever, dropping my 
haemoglobin, becoming unstable - have failed SNOM and they require a 


laparotomy. 


However, if after 24 hours of SNOM, the patient remains in a good clinical 
condition and the abdomen remains quiescent, then the patient may be offered 
food. And if after eating they remain soft abdomen, it is safe to discharge these 
patient 


The miss rate is around about 1%. Patients should be instructed that if they are 
discharged home, that they must be able to make their way back to hospital 
should they develop abdominal tenderness 


Evisceration 


The classic history is a patient will come in with a plastic shopping bag on 
their abdomen. And as they drop the shopping bag outfalls the guts. 
Usually a dramatic presentation. (Like in the photograph). The problem 
is, if you lift that eviscerated bowel up, the hole through which it is 
extruding is very small. The risk therefore is that the bowl mesentery 
becomes ischemic and the bowl then dies off. So the way to manage 
evisceration in hospital is very different from the management pre- 
hospital. 

The prehospital management is to place some nonadherence wet 
dressings over the abdomen and move the patient to a hospital. In 
hospital, obvious hole should be closed with some sutures. Doesn't really 
matter what because the patient is going to require a laparotomy anyway. 
The bowl should be gently reduced after adequate analgesia. It may be 
necessary to enlarge the wound in the skin to be able to reduce this. 
Once the bowel is reduced, suture the skin, and do not let the patient go 
home. They need to be referred for a laparotomy so as to exclude other 
injuries and to repair the bowl more definitively 


Blunt Trauma 

Generally, injures the solid organs. - the liver and the spleen more so 
than the small bowel. 

The small bowel can be injured in a typical set of three places depending 
on the mechanism of blunt trauma. 

For direct blunt abdominal trauma e.g., hit with a baseball bat or a golf 
club, the classic injury is a mid-jejunal blow out, usually on the anti- 
mesenteric side of the bowl. 

For the patient who has acceleration-deceleration injury, the classic 
injury is a rupture of the antimesenteric part of the small bowel 
approximately 15-20 cm distal to the DJ flexure or proximal to the 
ileocecal valve. 

The third typical small bowl injury is as a result of crush of the duodenum 
and the pancreas complex against the spine by the seat belts. There is a 
blow out of the lateral part of the duodenum, the D2 area, as well as a 
contusion of the head of the pancreas. 

Because there is no external wound, it is important to use special 
examination such as ultrasound - and CT scan to identify these patients 
and refer them appropriately for surgery. 


An approach to Managing a Patient with Blunt Trauma 


If the patient is stable after primary survey, one can start more clinical 
investigations provided the patient is evaluable. 


However, the patient who does not respond to resuscitation, when you suspect 
that there may be an intra-abdominal injury, you will require a laparotomy. 


The problem is there's no external wound to give you this clue. Therefore, one 
uses special investigations such as the FAST exam, which is an ultrasound 
exam, or the diagnostic peritoneal lavage which is used occasionally to 
determine whether or not there's bleeding in the abdomen. 


So, if the FAST has free fluid, you make an assumption that there is blood in the 
abdomen and the treatment of bleeding is stop the bleeding (laparotomy must 
follow) 


However, the patient who remain stable after resuscitation and evaluable can 
be examined again to determine if they have an acute abdomen, 


If they have blood per os, per rectum, or if there's free air, then laparotomy. 


For the patient who does not have an acute abdomen, does not have rectal 
bleeding or oral vomited blood or blood in the nasal gastric tube, no free air 
visible on the chest x-ray or alternatively for a supine patient, one can do a so- 
called lateral shoot through x-ray. Then one can embark upon a FAST/DPL, once 
again, as a screening test. And if this is positive for fluid, then a contrast CT 
scan should follow 


However, currently there is a move towards routinely doing a contrast CT scan, 
not necessarily screening with the fast ultrasound or a DPL. The CT scan will 
then show either a solid organ injury, which is notch bleeding, or no injury at 
all, in which case, selective non-operative management can be embarked upon. 
(SNOM) 


This is slightly different to the selective non operative management for 
penetrating trauma in that one is focusing primarily on bleeding or late bowel 
perforation. And therefore, these patients are often kept in hospital for 4-5 days 
because that's the point at which the small bowel that's been contused, may go 
full thickness necrosis and rupture. If the contrast CT shows a blush, then 
endovascular options may be considered. 


Alternatively, if the contrast CT shows injuries to bowl, pancreas, or free fluid 
without any solid organ injury, one must strongly consider the need for 
surgery., the default operation remains a laparotomy. 


Special Exams: The very special exams are once again highlighted here > CT 
scan 


Blush versus No blush: 


Look at the top picture: There is a liver laceration pointed out with the little 
arrows. And there's free fluid with the small arrows on the left of the picture, 
suggesting a liver injury, but there's no bright contrast enhancement. 


Whereas the picture on the right-hand side within the liver injury, there is a 
bright contrast blush that implies existing and ongoing bleeding and requires 
intervention either open surgery or coil embolization by endovascular 
specialists, such as vascular surgery. 


Hollow Visceral Injury 


Penetrating trauma certainly injures the bowl more commonly. With blunt 
trauma, the incidence is only about 1- 3% compared to up to 90% in those with 
intra-abdominal injuries. Looking at the images from left to right, the top image 
shows an injury to the stomach. The second one is small bowel that has been 
shot through and you can see there's injury to the lumen of the bowl as well as 
the mesentery. The third picture illustrates an antimesenteric blunt small bowl 
injury. And the last picture on the right-hand side at the bottom demonstrates 
some colon that is being repaired. 


Duodenum 


Why do we mention the duodenum separately? > it has a tenuous blood supply 
and the bile and pancreatic juice drain into the duodenum. So therefore, with 
those juices that are very digestive, the risk is a breakdown of the repair. 
Therefore, drains are important in the management of these injuries. 


Pancreas 


The pancreas is the other organ which has managed very differently. The 
common injuries are at the neck of the pancreas. as demonstrated on that CT 
scan, as a result of blunt crush where it is divided when compressed against the 
spine or at any point in the pancreas as a result of penetrating trauma. The top 
picture shows a pancreas that was injured in a shotgun injury. Shotguns cause 
more injuries because they have multiple pellets that spread enter all locations. 


Safe Management options: just drain the majority of injuries so that you drain 
the pancreatic juices. Alternatively, for an injury such as the pancreatic 
transection on that CT scan. distal pancreatectomy, (taking out the tail of the 
pancreas and the spleen) is the best option. There are numerous other selective 
options, such as pyloric exclusion etc. 


Solid Organ Trauma (liver, the spleen, and the kidney) 
Liver 


- The liver is filled with blood and bile and when it cracks and bleeds, it 
cracks and bleeds a lot. 

- Therefore, the treatment is to stop the bleeding. 

- Small injuries can be sutured and such as that bullet wound in the lower 
picture. 

- But when you have a large injury such as that lacerated left lobe, it's 
more important to control the bleeding by compressing the lobes 
together, placing some form of procoagulant substance into the wound 
such a surgicel or Spongistan and then packing around the liver to 


control the bleeding. The best way to do this is with folded abdominal 
swabs. And if it is really bleeding a lot, one can control the vascular 
inflow by the Pringles manoeuvre. 


Once again, like the pancreas and duodenum, the liver produces digestive 
enzymes in the form of bile, and these can irritate the tissues inside the 
abdomen. 


One must leave a drain to accommodate a bile leak and get control of bile 
fistula. 

If you have to pack the liver, Packs are left in on average for 48 hours at 
which time the patient has resuscitated and then taken back for removal 
of the packs > In the vast majority of patients, the bleeding stopped, and 
you've corrected the coagulopathy & these patients do well once the 
packs have been removed. 

Sometimes they require packing for a second or third session. 

If one finds a liver injury and it's not bleeding, leave it alone. 

SNOM of those identified on CT scan is well established. 


On these images one sees and an example of the Pringles manoeuvre on the left 
and packs around the liver on the right 


Spleen 


The spleen is a vital organ, especially in the younger age group because 
opsonin’s such as Tuftsin and properdin and are produced there and 
these are required to mount a infective reaction against the gram- 
negative organisms like Haemophilus influenza and the encapsulate gram 
positive organisms like the streptococci 

The children who lose their spleens are very susceptible to infections 
from simple organisms like streptococcus that causes sore throat. 

In kids particularly, we try to preserve the spleen either through suturing 
or through placing surgicel or omentum on a laceration as demonstrated 
in those two pictures, or through the use of partial splenectomy by 
selective ligation of the splenic vessels. 

In adults, splenectomy is done more liberally as they usually have 
immunized themselves against Haemophilus influenza, but the advantage 
exists now that there is an immunization that can be given to adults 
called Pheumovax 23 that provides coverage to prevent overwhelming 
personal infection. 

Like the liver, the majority of spleen injuries will heal on their own 
accord. And so non-operative management can be embarked upon. 

As one sees on the CT scan image - Splenic laceration, but there is no 
blush, and that passion was managed non-operatively 


Retroperitoneal Hematomas 


This is a really challenging injury because depending on its location, may 
indicate really severe bleeding as the cause. 

The abdomen is divided up into three zones: 

The central zone below the diaphragm up until the bifurcation of the 
aorta is known as ZONE 1 and any injury here should be explored with 


the necessary vascular set and vascular control. The reason for this is the 
big vessels are sitting here and if they're injured, they should be repaired. 

e The lateral zones are the retroperitoneal area behind the colons & 
include the kidneys. In blunt trauma, if they are stable and not 
expanding, these hematomas should be left alone, whereas in penetrating 
trauma, they explored more liberally. 

e The pelvis is ZONE 3. Any injury in the pelvis with a big retroperitoneal 
hematoma from blunt trauma to be left alone. Whereas any pelvic 
hematoma from penetrating trauma must be explored because usually 
there is a vessel that can be either ligated or repaired. And this is 
important in the distinction between the two types. Mechanism dictates 
management* 


Pelvic Fractures - the hematomas in zone three can be significant. 
3 types of pelvic fractures: 


e The type that's called the lateral compression fracture, which is a stable 
fracture, usually as a result of lateral energy. 

e The anterior-posterior fracture, otherwise known as an open book 
fracture, which you see on the right picture, is an unstable fracture 
because as that fracture pattern opens the pelvic book, all the venous 
plexus around the sacrum gets torn and there's a significant amount of 
bleeding. 

e The third type is where you have a pelvic shear injury, and everything is 
torn off and the pelvis actually lifts up as seen in the x-ray picture on the 
right-hand side. These patients are at particular risk of significant 
bleeding and having large retroperitoneal hematomas. 


PART 2: TRAUMA IN THE PREGNANT PATIENT 


Objectives: normal physiology of pregnancy, pitfalls during trauma in 
pregnancy, patterns of injury (blunt and penetrating trauma), management 
guidelines 


Normal physiology of pregnancy: during advanced pregnancy (>20th week 
of gestation), the general oedema that the mom suffers from causes the airway 
to be oedematous and quite sensitive and therefore the laryngospasm is 
possible AND as a result of the stomach emptying being reduced, there is a 
higher aspiration risk 


Importantly, the breathing is adjusted. There's a greater respiratory rate and 
larger tidal volume that is taken (Vt) and a larger minute volume (MV). 
However, the patients have a lower functional residual capacity. The results of 
which is that if you need to intubate a pregnant patient, the apnoea time before 
they desaturate is less. And therefore, once again, it is recommended that nasal 
prong oxygen is used for passive oxygenation. 


The diaphragm is also high riding. 


Respiratory alkalosis is the normal finding on a blood gas > so if your pH is 
normal, then the patient is already acidotic. 


In terms of the circulation, there is a greater volume because the uterus needs 
to be perfused and yet the haemoglobin is diluted. Overall, the patients are 
sitting with lower diastolic and systolic pressures & hypertension can be a 
consequence of pathology such as preeclampsia or Eclampsia. 


Results in an increase in cardiac output. Therefore, the maternal blood loss can 
be underestimated. And more importantly, up to 30% blood loss can occur 
before maternal symptoms and signs show, and therefore the foetus is at risk 
much earlier than what is clinically identified. 


Additionally, in advanced pregnancy (>20 weeks), if the maternal patient lies 
flat, the gravid uterus can compress the inferior vena cava and reduce venous 
return, thereby dropping blood pressure. And it's important therefore to turn 
these patients 15-30 degrees left lateral. 


Physiology continued 


Gastric emptying is slower and therefore there is an increased risk of 
regurgitation and aspiration, especially because the lower oesophageal 
sphincter is also reduced in function. 


The renal structures are dilated, and the bladder is high riding and thus at more 
risk of injury from blunt trauma. 


Uterine circulation is 400 moles/minute, and a 25% reduction will occur before 
maternal symptoms are seen. However, the uterus does not have autoregulation 
and therefore, vasoconstriction as a result of volume loss will lead to placental 
insufficiency and foetal dysoxia. 


There's also a higher DVT and pulmonary embolism risk as a result of the uterus 
causing pelvic venous compression. 


Image of Normal Uterine Positions: The relative positions of the uterine 
fundus at various stages in the pregnancy. 


The important ones from a practical point of view in the trauma patient, at 20_ 
weeks, the level is behind the umbilicus. This is important from the point of 
view of determining viability of the foetus. Because the below 20 weeks, the 
mother is treated as if unpregnant, whereas the foetus is considered potentially 
viable over 20 weeks and certainly over 26 weeks. And therefore, one is then 
dealing with two patients. 


The pitfalls During Trauma in Pregnancy 


- Pre-hospital: there may be delayed extrication and transportation. 

- The pregnancy itself may not be recognized, especially if the patient is 
unconscious. 

- Pre-hospital services, if they're not equipped with advanced life support 
practitioners, may take the pregnant patients to the wrong facility, such 
as a district hospital or a clinic. All pregnant trauma patients must be 
considered as E1 or red code patients and should be transported to a 
major trauma facility 


Additionally, less educated pre-hospital practitioners may forget to turn 
the trauma board left lateral and therefore have hypotension as a result 
of uterine compression of the IVC 


Pitfalls during Initial assessment 


Management of airway: keep in mind that there's an aspiration risk. Don't 
be lulled into a false sense of security by the falsely normal blood gases. 
Normal blood gas > remember that the patient who is pregnant is 
already acidotic and you need to be looking for the source of bleeding 
and to resuscitate her. 

Remember too that the diaphragm is high riding - careful with chest 
tubes and the diaphragm is somewhat splintered so intubate and 
ventilate early 

Circulation- turn the patient 15-30 degrees left lateral and displace the 
uterus off the inferior vena cava. If the patient who's pregnant 
deteriorates suddenly, be aware of the possibility of embolism either from 
a DVT or a uterine rupture with amniotic fluid embolism (rare). 
Asymptomatic shock possible, especially in terms of the foetus. 
Monitoring of the patient is essential & this includes early ultrasound of 
the foetus, looking for cardiac activity, as well as early application of 
cardiotopography to monitor the foetal heart. One is worried about 
abruptio placenta or uterine rupture, and therefore, the risk is to the 
foetus. 

In all patients, avoid vasopressors until they're essential. But the same 
time, resuscitate the mother to resuscitate the foetus. 


Secondary Survey Pitfalls - there are a number of things that are complicated 
by the pregnancy itself. 


Head injuries: there is a significant risk during pregnancy of infarction of 
the pituitary gland leading to Sheehan syndrome. 

Secondly, because pregnancy can lead to preeclampsia and eclampsia, it 
makes it difficult to assess a patient having seizures or a patient who's 
hypotensive as to whether this is from the pregnancy or is truly a head 
injury. 

The abdomen decreases the sensitivity of clinical signs. 

If the patient has an abrupto placenta, which of course places the foetus 
at risk, has very similar symptoms to an acute abdomen and makes the 
management of both of these conditions much more complex. 


So therefore, it's important to call for help early and get advice 


Management of Pitfalls 


Avoid foetal and more importantly, maternal loss. Treat the mother as first 
priority. 


Steroids: It is important to give Betamethasone to the mother who is an 
advanced pregnancy where the foetus may have to be delivered. This helps with 
foetal lung maturation. In terms of the risk-benefit balance, if there's a viable 
foetus, IT improves the production of surfactant and prevents neonatal 
respiratory distress syndrome. 


Kleihauer-Betke Test: can be performed on any maternal Rh-negative mother 
because the risk there is that they might have a Rh-positive Baby and develop 
anti-Rh-negative and anti-Rh-positive antibodies. if the next foetus turns out to 
be Rh-positive, then they get foetal, maternal inflammatory reactions. This can 
be avoided by giving an Anti-D antibody - 100 micrograms IV or 300 
micrograms IMI. Some authors suggest that even if the mother is negative for 
a foetal maternal haemorrhage and the mother's RH negative, one should give 
this Anti-D antibody anyway 


Radiation Risk: Many people are taught that you cannot X-ray or CT scan 
patients when they are pregnant. But remember in trauma, you need to know 
what's going on and you need to identify all the injuries 


It's important to understand that the dose of radiation is usually quite low with 
simple C spine and chest x-ray imaging. The high dose images are those that 
are all over the pelvis or where you’re using a CT scan. 


However, with a modern 64 slice multi-detector scan, < 5 thousand millirads of 
energy are utilized. The risk of cancer in the foetus is 0.5% and malformation 
risk is only 3% at twice that, or 10 thousand millrads. So, the risk is very 
minimally increased over future normal population equivalence. 


And remember, the mother and the foetus have to survive to get cancer. If you 
miss the injury, they are unlikely to survive. 

So, the consensus from the American Journal of Radiology is that for CT scan of 
the abdomen and pelvis, scans are reasonable, provided you use the Alara 


principle - as low as reasonably acceptable. 


The risks to the foetus are congenital abnormality if the foetus < 20 weeks, 
remembering that we said we will treat the mother as non-pregnant under 20 
weeks because the foetus is considered nonviable. Over 20 weeks, there is a 
slight increase in the radiation risk with the cancer risks, as previously 
mentioned. 


Preterm Labour: very common, up to 30% incidence. It's caused by 
extravasation of blood into the myometrium when the when the uterus gets 
bruised. Importantly, you need to examine the uterus with a speculum and if 
they are cervical changes, it's important to confirm the diagnosis, exclude 
abruptio placentae and then use the available drugs to try to suppress labour. 
Various drugs are available, and you will be taught about these options by the 
obstetricians 


Perimortem C-Section: 


If the patient is in cardiac arrest and CPR has been started, and it is suspected 
that the foetus is viable and there is still some foetal heart sounds or heart 
activity on ultrasound visible, then it is of benefit to try to resuscitate the 
mother and within four minutes aim to remove the foetus. The idea is to start a 
Caesarean section within five minutes of a cardiac arrest and aiming to have the 
baby out within 20 minutes. There is a survival rate of approximately 10%, but 
that's 10% more than if you do nothing. 


Blunt Abdominal Trauma 


Vast majority of pregnant injuries are as a result of blunt trauma. > 60% 
of these as a result of motor vehicle collisions, physical abuse, or falls. 
The reasons the falls are quite high is simply because the centre of 
gravity is displaced by the gravid uterus. The importance of this is that 
even minor trauma can lead to peripartum deaths and foetal loss. 

A chance of two in 100 for losing the foetus occurs with non-catastrophic 
injury. Most of these are minor MVC and the problem is the mother has 
not correctly worn the seatbelts 


Safety Belt 


Wear the three-point harness: it reduces foetal mortality in both animal 
studies and in human studies by fivefold. The reason for this is if the 
mother is ejected from the car, she has a five times higher mortality for 
the foetus. Not to mention a three times higher mortality for herself. 

In animal studies, the three-point harness has been shown to be almost- 
times more effective than just wearing the lap belt. 

Most women did not wear the three-point harnessed correctly. They will 
take the chest strap and slip it behind themselves. Please encourage your 
friends and your family to use the three-point harnessed effectively. This 
is an important aspect of trauma prevention, which is everybody's job, not 
just those of a trauma surgeon. 


Abruptio Placentae- threatened complication, where you have usually a motor 
vehicle crash and uterine pressure which has increased by tenfold at impact. It 
has a reasonably high incidence of up to 35%. Obviously, as low as 5% that 
means that even minor trauma can induce an Abruptio Placentae. 


What happens with Abruptio Placentae is the placenta tears loose from 
the uterine wall. And then there is a haemorrhage and obviously there's 
no profusion of the uterus and the placenta leading to foetal hypoxia. 
This is revealed on a CTG as illustrated by those arrows in the form of 
late deceleration and combined with uterine contractions that occur 
Importantly, if this happens and then the pregnancy as advanced as It's 
important to get the obstetricians involved to deliver this foetus. 


Uterine Rupture: Far more uncommon 


Usually associated with pelvic fracture, but more importantly, this has a 
high maternal as well as a very high foetal mortality. 

One can repair the uterus if it's a small perforation such as a gunshot 
wound. (2-layer repair), but for the vast majority of them, you will have a 
foetal mortality 


Penetrating trauma: does occur in pregnancy, must commonly as a result of 
intimate partner violence. It carries a high perinatal mortality, but a lower 
maternal mortality 


Obviously, if the patient is injured by an anterior stab wound in advanced 
pregnancy, the visceral organs, the small bowel, large bowl, the liver, etc, 
are somewhat protected by the gravid uterus and the uterus itself may be 
injured. In the case of the first trimester, you treat the patient once again 
as non-pregnant 


Summary: evaluation of injured abdomen, management principles of injuries to 
solid and hollow organs and retroperitoneal structures, trauma in pregnancy 


Slide 1-Head and spinal injury (cover slide) 

*We are now at the point of secondary survey information, starting from the 
head, working our way down through the body to identify not only the primary 
survey, but also the secondary survey injuries and how we manage them in the 
injured patient 

*Keep in mind that trauma is very common in South Africa therefore, every 
single doctor needs to have the basic understanding of how to manage the 
injured patient 


Slide 2-Background 

*25-30% of all the mortalities in trauma patients, both at the scene and in 
hospital, will result from head or spinal injury and particularly spinal cord injury 
*Primary brain injury is a deal that needs prevention 

*No trauma surgeon can prevent that from happening 

*This is an aspect that each and every doctor must place as a priority in your 
practice. It is certainly part of the community practice environment 
*Importantly too, that the time to definitive care, in other words, the near a 
surgical intervention is critical when you have drainable lesions 

*We are responsible as healthcare practitioners for secondary brain injury = 
iatrogenic 

*If we don't manage the patient properly, then they will have a worse outcome 
*Access to rehabilitation in SA is somewhat limited - there is outpatient 
physiotherapy, occupational therapy, speech therapy available but many of the 
patients with head and spinal cord injuries do not have the privilege of access to 
and transport to and from outpatient facilities 

*Therefore, if we don't prevent the injuries in the first place and manage the 
injuries correctly and minimize the morbidity in the second place, then the 
access to rehabilitation becomes more limited and the patients outcomes 
become worse 

*And as you will see, basics make the difference. 

*Hypoxia and hypertension, if they occur in a patient with traumatic brain 
injury, increase the mortality prediction by a 150% 

*That basically means that if you do not look after the airway, the breathing, 
and the circulation before you worry about the disability, your patient has a 
high chance of dying 


Slide 3-Approach 

*Importantly, one of the philosophies that you have to approach patients with is 
that any patient who is compromised in their level of consciousness, in other 
words, they have an abnormal Glasgow Coma score, has a head injury until 
proven otherwise 

*The mistake people make is they blame alcohol, drugs, intoxication, 
concussion, etc. for the level of consciousness and unfortunately, this has 
resulted on a number of occasions, in significant brain injuries, many of which 
are treatable, being missed, or having a delay diagnosis 

*Additionally, it's important to remember that in blunt trauma, patients with 
head trauma also have a risk of spinal injury 

*Although this is much lesser with penetrating trauma 


*In approaching the patient, the ATLS principles in the trauma resuscitation 
situation apply just as much to these head injured patients 


Slide 4-Airway 

*the airway needs to be patient and protected 

*In the trauma scenario, a Glasgow Coma score <9 on 15 requires a definitive 
airway but keep in mind, your aim is always oxygenation 

*One of the three key words that she must remember in this rotation: 


*Remember to protect the C spine, in the case of patients with blunt trauma 

*it is advised that head blocks and a spider harness be used and not just a hard 
collar 

*Also, if you are planning to transfer the patient, make sure the bed is padded 
*please do not use hard spine boards for long-term use 

*Ideally, the patients should be removed from the spine board within 15-20 
minutes of hitting the hospital doors 

*And at all times avoid hypoxia through a block the airway and hypercarbia 
again through a blocked airway, which would desaturate your patient and make 
them hypercarbic, thus raising their intracranial pressure, putting the brain 
cells at risk 


Slide 5-Breathing 

*it is important to exclude and treat chest trauma such as a haemothorax, 
pneumothorax, lung contusion, etc. 

*At the same time, avoiding hypoxia and hypercarbia 

*Because we know that if normocarbia (normal arterial CO2 pressure) exists, 
the patient will have brain perfusion as well as oxygenation 

*If they become hypercapnic, there's vasodilatation leading to increased 
intracranial pressure 

*Whereas if there is hypocapnia - there's vasoconstriction - and while this 
temporarily can drop the intracranial pressure, it also increases the amount of 
brain ischemia in the non-injured area 

*So the aim is always to keep the patient normocapnic: aim is pCO2 between 
35-45mmHg 

*And at the same time, this might require higher tidal volumes than what is 
used routinely in ventilation so here you may aim to start at 8 - 10mol/kg of tidal 
volume rather than 6 - 8 mol/kg 

*A good figure to keep in mind is 8mol/kg 

*Additionally, one is aiming for saturations greater than 90%, thus avoiding 
hypoxia 


Slide 6-Circulation 

*You do not want a hypotensive patient: systolic blood pressures certainly no 
less than 90, or mean arterial pressures (the point of flow) of about 7OmmHg 
*To achieve this, you might need to give the patient some IV fluids so establish 
IV access 

*modified ringers lactate is still the fluid of choice for the non-bleeding patient 
*But if they are bleeding, please give them blood and blood products (in 
appropriate ratios), splint the fractures & stop the bleeding 


Slide 7-Disability - The Head Injury 
*The Glasgow Coma Score is a repeatable, essential tool that is used to gauge 


the response to the interventions that you have taken, as well as to detect 
deterioration 

*Keep in mind that you're scoring the best response at all times 

*And that if the eyes are swollen shut, you can only award a 1, but then in 
brackets behind it write “S” for swollen 

*The same with the verbal score: If the patient is intubated, then you score 1 
and put a “T” in brackets 

*Keep in mind too, that spontaneous movement is not the same thing as obeying 
commands 

*And it's important to score correctly so that the repeatability of the score is 
there to guide management 

*If you think in blunt trauma of scanning the head because the Glasgow Coma 
Score is down and certainly anything less than or equal to 12 should prompt the 
need for a CT scan, then it's important to CT scan the neck as well 


Slide 8-Monroe-Kelly Doctrine 

*Monroe and Kelly have defined the intracranial space in the same way that we 
look at a compartment > It's a compartment syndrome 

*And at some point when the pressure in that compartment rises to a point of no 
return, the brain squeezes out of all the natural orifices like toothpaste 

*This is called brain herniation or coning (point of no return) 

*Unfortunately occurs some way at pressures over 20mmHg 

*Understand that this is the capillary flow pressure at which the capillaries are 
compressed and therefore brain becomes ischemic and swollen 

*But more importantly, there is a balance between brain tissue, cerebral spinal 
fluid, and blood volume within this closed calvarium 

*Either the CSF has to move, all the blood has to move (in which case there's 
under perfusion), all the brain tissue has to move & the brain will eventually 
give way and this herniation will take place. 


Slide 9-ICP monitoring - there are number of methods by which we can 
measure the intracranial pressure. 

*The BEST is the ventricular ostomy otherwise known as an external 
ventricular drain (EVD) 

*This is what the neurosurgeons often place in the patients so that they can 
drain CSF to reduce the pressure 

*The other options include some form of screw bolts, either with a tissue probe 
or with a ICP monitor - which then just give you a reflection of the actual 
intracranial pressure 

*If the pressures are persistently high, consider the use of decompressive 
craniectomy to allow the brain to swell while it is healing 


Slide 10-TBI severity 

*When one classifies head injuries, one looks at the degree of impaired level of 
consciousness - the Glasgow Coma score 

*So a minor head injury is a Glasgow Coma score between 13 and 15 

*qa moderate injury between 9 and 12 

*below 8/9 > So, 3 - 8 is a severe brain injury 

*Why have we use this classification? The lower you go, there's an association 
with worst mortality 


Slide 11-Classification of injuries 

*There's also an important distinction to be made between head injuries and 
traumatic brain injury 

*Scalp lacerations, which certainly have a good blood supply and may bleed a 
lot, particularly in children, are part of head injuries 

*But as a general principle, traumatic brain injuries do not cause 
hypotension 

*Skull fractures when they are present, maybe a marker of intracranial 
pathology 

*But remember, only 25% of patients with a skull fracture have a significant 
brain injury that requires neurosurgical intervention 

*Furthermore, the brain injuries themselves are divided up into diffuse lesions 
and focal brain injury 


*The diffuse lesions are severe or minor: 

*minor ones known as concussions, where there is recovery of neurological 
function within the first couple of minutes to hours and there are no residual CT 
findings VERSUS the case of severe diffuse lesions, so-called diffuse axonal 
injurie - there is actually tearing of the white matter/grey matter interfaces. 
These patients have a persistently low Glasgow Coma score and a fairly normal 
looking CT. They may have some subarachnoid haemorrhages or small punctate 
bleeds, but to be able to truly define their injury an MRI is required, and this is 
not routinely available 


*The focal brain injuries, on the other hand, are the ones that the neurosurgeon 
is interested in 

*The extra-durals, sub-durals and intracerebral hematomas 

*The former extra-durals and sub-durals being more amenable to surgical 
intervention 

*And the intracerebral haemorrhages being selectively operated upon 


Slide 12-Tiered treatment approach 

*Tier one is the basics: optimizing ventilation and therefore perfusion, 
identifying and draining the surgical lesions, providing seizure prophylaxis, 
sedation and analgesia to rest the brain along with early enteral nutrition, and 
appropriate thrombo-prophylaxis 

*Tier two for persistent raised intracranial pressure would be osmo-therapy (in 
other words, drugs like mannitol or hypertonic saline) which increase the 
excretion of urine and thereby reduce the size of the brain (almost like 
squeezing out the extra water). Hyperventilation can be used as a temporizing 
measure in the patient who require surgery. Additionally, this is the role in tier 
two for CSF drainage using the extra ventricular drains (EVD) 

*Tier Three is induced comas using barbiturates or even the role of the 
decompressive craniectomy (removing part of the skull and leaving it out) 
usually burying it in the subcutaneous space in the abdominal wall and allowing 
the brain to swell upwards rather than down into the foramen magnum causing 
brain death 

*note that there is no role for steroids in the reduction of oedema from 


traumatic brain injury 
*It works for tumour surgery. It does not work in the context of trauma 


Slide 13-Basic interventions to improve outcome 

*This is the tier one in a bit more detail 

*Firstly, make sure that the C spine is cleared and then place the patient head 
up 30 - 45 degrees. *Secondly, provide them with seizure prophylaxis because if 
they experience a seizure in the first 7 days post injury, there is an increase in 
the metabolic rate in the brain and thereby a higher rate of neuron loss 

*It's important to place them on stress ulcer prophylaxis (sucralphate 1gram 6 
hourly) 

*It's important to remove the collar if it's has been placed as soon as possible 
*avoid constricting dressings around the neck which would compress the 
internal jugular veins because if they are compressed, this pushes up the 
intracranial pressure 

*Keep the patient normothermic by giving intra-venous or nasal gastric 
paracetamol 

*feed them early - add a prokinetic drugs such as METACLOPROMIDE till there 
is increased tolerance of the feed as they may well get a gastrophoresis 

*And then sedation and analgesia with the focus upon the analgesics side - So 
we are using more and more ketamine and morphine infusions and less and less 
midazolam infusions 

*Practice what is available in your local environment 


Slide 14-CT SCAN 

*Showing a quite severe diffuse axonal injury with anterior contusions visible, 
as well as diffuse grey-white matter swelling 

*This is a Marshall 3, intracerebral contusion, diffuse axonal injury 

*Not much that the neurosurgeon can do for this patient. They will need 
incubation, ventilation & after 48 hours, we wake them up with the intention to 
see what neurological function has recovered 


Slide 15-Extradural Haematoma 

*Somewhat lens shaped and is as a result of arterial bleeding from usually the 
middle/ anterior/ posterior in that order - meningeal arteries 

*So this is an injury primarily to the skull and the vessel 

*Often there is less brain injury and these patients have the best potential 
outcomes of all the traumatic brain injury group 


Slide 16-Anterior extradural CT scan 

*Very large: the brain is pushed across and one would need to drain that blood 
*there is also on the opposite side, an intracerebral collection 

*This may or may not require a surgical intervention, but the extradural 
certainly will require drainage 


Slide 17-CT scan - Full house 

*This patient has so-called full house 

*There is a SAH on L 

*There is a subdural haemorrhage spreading around the subdural space on the 
R 

*subdural bleeds are as a result of tearing of the bridging veins between the 
dura and the pia mater, and as a result, there's usually underlying brain injury 


as well 

*One can see on the more posterior side a contusion, and you can compare the 
appearance of the contusion to the intracerebral haemorrhage, which is sitting 
in the vicinity of the temporal lobe, which suggests that there is a burst 
temporal lobe present 

*This patient will have a much worse prognosis than the patients with the 
extradural hematomas, but maybe better off than the patient with the Diffuse 
Axonal Injury 


Slide 18-Spinal injury (cover slide) 

*Everybody focuses on the C spine > It's the cord injury that has the worst 
outcomes, 

*But it is important to remember that the spinal column starts at C1 and ends at 
the sacrum and the whole spine is important 


Slide 19-Spinal injury 

*10 to 15% of patients with a head injury will have at bony spinal injury 

*And of those who have a bony spinal injury, approximately 1 to 5% will have a 
spinal cord injury 

*Of patients with a bony spinal injury at one level, between 10 and 15% of 
patients will have a subsequent second bony injury 

*Keeping in mind that either or both may cause injury to the spinal cord 

*The higher the level in the spinal cord the injury exists, the worse the 
prognosis 

*Further set of studies has shown that even in spinal cord injury, despite some 
of the older books advocating for steroid infusions, there is no role in the 
current practice for the use of steroids 

*There may be a select subgroup of patients which we will discuss later but 
these are very rare in the South African situation 

*Finally, it's important to understand the difference between neurogenic 
shock (which is real shock as a result of vasodilatation with a relative 
bradycardia) compared to an orthopaedic term called spinal shock (which 
is the motor fallout and flaccidity as a result of the spinal cord injury). 

*The difference is the one you can reverse with intravenous 
vasoconstrictors, and will reverse quite rapidly 

*Whereas spinal shock and the flaccidity can take as much as a month to 
turn into the spastic phase 


Slide 20-Imaging the spine - So who requires spinal immobilization and 
imaging? 

*Patients with a high-risk injury: 

So over 65 years of age with a high speed or high energy injury and those who 
have clinical signs and symptoms of sensory or neurological fallout = they 
require radiological imaging 

*Those who come from a low velocity simple rear-end crash. They've been 
sitting down; they walk around at the scene; they weren't complaining about 
any pain in their C spine = Those can require clinical examination 

*If they're able to rotate their neck actively, 45 degrees left and right, as well as 
up and down without any significant pain = Then you can avoid radiography 
*Those who are mobile but have no high risk injuries can have plain film 
radiography as a screening and CT for confirmation 


*Patients with a high risk injury should have a CT of the C spine as the primary 
investigation 


Slide 21-Classification 

*We classify the bony injuries to the C spine as high cervicals being the C1 - C5, 
Low cervicals, C6 to the upper thoracic 

*Thoracic ones, the upper third (T1-3), the middle two-thirds or middle half (T4- 
10) and the lower third (T10-12) 

*The lower down the spinal cord, the related injury occurs the less fall out there 
is 

*So the reason a high spinal cord is of importance is that it knocks out not only 
the intercostal muscles (which are in innervated the thoracic fibres) but it also 
knocks out the diaphragm 

*Cause C-2/3/4/5 keeps the diaphragm alive 

*The lower cervical spinal injury C6 through to T1 are important because if they 
are involved, then the upper limbs will have limited function and it makes 
rehabilitation and the use of a wheelchair very difficult 

*once the injury is Thoracic and below, there is some degree of sparing and the 
recovery and rehabilitation potential is much better 

*Finally, we subdivide these injuries into Complete injuries or incomplete 
injuries 


*Complete injuries = complete spinal cord transection > There is no motor or 
sensory function below the injury, and there's no recovery of any significance 
within the first period of time 

*Incomplete injuries = any injuries where there is some sensory or motor or 
proprioception sparing below the injury - In other words, there's probably a 
cord contusion rather than a cord transection. 


Slide 22- CT scan 

*Example of a patient who presented to hospital with a fracture of the C1 area 
*Fortunately, there's quite a lot of space between C1 bone and C1 spinal cord 
and this patient did not have a significant spinal cord injury 


Slide 23-CT scan - Far more common injury 

*This gentleman was hang gliding and in the berg, and unfortunately lost 
control and hit the mountain 

*As you can see, there is a subluxation anteriorly of C4 on C5 with a chip 
fracture and a dislocation of the posterior elements 

*He was paraplegic from admission with only a flicker of movement in the 
hands, which progressed to no movement and no respiratory activity within the 
first hour 


Slide 24-CT scan 

*Here is another example of a similar injury with an anterior subluxation of C4, 
C5. 

*This is by far the most common injury causing spinal cord injury. 
*Importantly, you will notice that the same patient also had a second injury at 
the level of T 11, T 12 *And this level is where her neurological fallout was so 


despite her having the injury to C4 & 5 she did not have a spinal cord injury at 
that level, only at the lower level 


Slide 25 - Types of spinal cord injury (table) 

*It shows the difference between total complete injuries and incomplete injuries 
*And it also lists the important 4 incomplete spinal cord syndromes, namely: 
*Brown-Sequard syndrome - which we typically see after penetrating spinal 
trauma - 

*Anterior cord syndrome - which carries a particularly poor prognosis 
*Posterior cord syndrome - which affects sensation and proprioception to a 
larger extent 

*Unique Central cord syndrome - commonly seen in older patients where they 
have an extension injury to their neck - they trip and fall and expend their neck, 
leading to a pinch off of the anterior spinal artery with an ischemic central cord. 
The signs and symptoms are very important here in that the fall out of the upper 
limbs is worse than the fallout of the motor function of the lower limbs. 

*This also shows you the division of the cervical, thoracic, lumbar, and sacral 
fallout and what the motor requirements are - this enables you to utilize this 
table for clinical testing. 


Slide 26-Management 

*Moving onto management, the ABCs are essentially the same as for traumatic 
brain injury 

*The problem here is you have a patient who is insensate (lacking physical 
sensation) 

*So please make sure that if you are moving these patients on a spine board 
that you provide padding to avoid pressure sores > pressure sores with as little 
as 20 to 30 minutes of lying on a spine board 

*Obviously, you do not want to have undue movement because an unstable bony 
injury without cord injury should not be allowed to deteriorate 

*The problem is the vast majority of patients already present with neurological 
fallout and often they present to late beyond three hours from the injury 
*They should be discussed with a neurosurgeon where possible 

*No steroids should be administered routinely > There is a very limited role in 
incomplete injuries presenting to a major trauma centre within two to three 
hours 

*This group, where they have a reducible hemi-subluxation or a partial injury 
may benefit from steroids. But overall, the use of steroids is associated with a 
higher septic mortality and therefore should be avoided 

*If the patient is in neurogenic shock, you place them on a vasoconstrictor, 
ionotropic infusion such as low dose adrenaline infusion. This reverses the 
vasodilatation from the fallout due to the autonomic dysfunction > do not 
overdo the use of fluid 

*Your definitive diagnosis of spinal cord injury requires an MRI 

*And for this, the patient needs to be stable before they can undergo this 
because ventilation is very difficult in the MRI machine, and therefore there 
should be of the mechanical ventilator. 


Slide 27-imaging - MRI of that gentleman with the hang-glider crash 
*Blue arrow: there is a complete transection of the spinal cord at the level of 
C3/4 


*Unfortunately, he became progressively more quadriplegic, was unable to 
breathe on his own but he expressed to us his desire to not undergo futile 
therapies 

*We did comply with his wishes as he was fully COMPOS MENTIS (full control 
of one’s mind) 

*And therefore in terms of his right on autonomy, he was allowed to die with 
dignity, with sufficient analgesia and sedation 


Slide 28-Rehabilitation 

*For those who survive, the lower the lesion, and the patients who present with 
incomplete lesions, particularly Brown-Sequard lesions, have a better prognosis 
*Those with high cervical injuries or anterior cord syndrome do worse 

*Keep in mind that there's no home ventilators available in the public sector & 
these patients that cannot come off the ventilator will at some point develop 
pneumonia is pressure sores and die a very uncomfortable septic death 

*The common reasons for re-admission in patients with spinal cord injuries are 
pneumonias, UTIs & pressure sores 

*And there is one additional condition that everyone needs to be aware of called 
AUTONOMIC DYSREFLEXIA, these are patients with a spinal cord injury who 
have some minor physiological insult and it triggers periods of high fevers - 
Septic pictures with hypertension followed by tachycardia, followed by 
bradycardia 

*And these are very difficult to treat. It required as aggressive intervention and 
discussion with the neurosurgeon 


Slide 1-maxillofacial injuries 

*Fairly common with blunt trauma but may occur with penetrating trauma as 
well 

*if there is an injury to the face there may well be an injury to the head or neck, 
including vascular injuries in the neck - one must keep all of this in mind 


Slide 2-Face the facts (and image) 
*Picture: RAF fighter pilot, flying a spitfire or hurricane and he was shot 
through the face by a German shell 


Slide 3-Multiple images of faces etc. 

*the reason it is important is that the men at the L side of the screen at the top 
and at the bottom are Mackindo and Gillies - the world’s first 2 plastic surgeons 
and maxillofacial surgeons 

*in the other pictures are some of the technical photos of how they would use 
tissue flaps to reconstruct fighter pilots and the army officers faces at their 
special hospital in East Greenlands 

*the man on the R at the top is their anaesthetist - name quite familiar - Dr 
McGill. 

*These were the pioneers based on their teaching and experience we can now 
manage major facial injuries today 


Slide 4-Major facial trauma 

*Patient who was a 28 year old female, she was a front seat middle passenger in 
a minibus taxi that had collided with a laden truck carrying the pipes that you 
see in the photograph 

*one of those metal pips came through the windscreen and took our the lower 
half of her face 

*she presented, and this was a few years ago where cervical collars were used 
more routinely, with cervical collar in situ, functional peripheral IV line, major 
facial degloving injury (lower half of her face hanging in shreds), had a 
maintained airway bit it was noisy and there was splattering of blood 
everywhere, the blood pressure and pulse were as you see them there (on 
slide), and she had extensive bleeding from the mouth, her GCS was 14/15 - 
losing one for clarity/verbal 

*what would you be doing for this patient? Management actually depends on 
various simple basic principles 


Slide 5-major facial trauma: airway management 

*Secure a definitive airway: it is important to have access to difficult airway 
intubation equipment and these need to be planned for in your emergency 
department 

*remove the anterior portion of the cervical collar and then have a look either 
using direct laryngoscopy, or if possibly if there’s not a lot of blood around a 
nasal fibreoptic intubation if the capability exists 

*do not forget your back up options such as the supraglottic airway devices - 
the LMA’s and i-gels 

*remember the injury is to the anterior part of the face so if one can get a tube 
down the back of the pharynx and at least secure the larynx even if not 
definitively one can at least ventilate the patient therefore enabling 


oxygenation, and perfusion - then enables you to safely lie the patient down and 
proceed to a surgical airway such as a tracheotomy or in an emergency 
situation, surgical cricothyroidotomy 

*importantly: you are going to give these patients sedative drugs - make sure it 
is a cardio-stable agent such as ketamine, etomidate 

*DO NOT use propofol, high dose benzodiazepines - these patients will then 
lose their airway 


Slide 6-Foley/BIPP Tamponade 

*if the nose and the mid-face are sources of bleeding it’s important to stop the 
bleeding 

*this is achieved by the placement of foley catheters, feeling in the back of the 
pharynx for the tips to arrive there, inflating the balloons so they about 30 - 40 
mls of air, and pulling them tight, moving your facial fractures anteriorly and 
trying to pull then into position 

*the nose is then packed with BIP, bismuth and iodine paraffin paste on ribbon 
gauze to try and tamponade the bleeding 

*there are various other pro-coagulant substances such as surgice which can 
also be used to plug the nose. 


Slide 7-2 skull images 

*coming back to our index patient - here is her CT scan of the face 

*as you can see from the pictures she was intubated, and she has all manner of 
broken bones 

*the mid face is broken, she has malar complex fracture on the R 

*she has a le fort 2 and 3 complex in the midface as well as a mandible fracture 
*keep in mind with a fracture the soft tissue injury with the bony component 
*keep in mind the soft tissue of the face is very vascular and when it is broken 
will bleed, swell and this face will be one swollen soccer ball 

*once you lose your airway you are in deep trouble so secure it early. 


Slide 8-2 x-ray images 

*keep in mind that patients that have head and facial injuries are risk for a C 
spine or a spinal injury 

*L - a chip of the C1, C2 junction 

*R- stable lateral mass fracture of C1 

*fortunately for her, the injury was stable and there was no spinal cord 
component 


Slide 9-2 chest X-rays 

*her CXR showed that she aspirated some blood giving her an upper lower 
collapse in the L image but within 24 hours of ventilation that lung has opened 
up again - also did a bronchoscopy and sucked out all the old blood 

*she has also been converted to tracheostomy at this point, pending the 
maxillofacial surgeons getting involved with fixing her face - they prefer to 
allow the swelling to go down 

*so after about 5 to 7 days they will take the patient to the operating room and 
go and reconstruct the bones 


Slide 10-Xrays of skill and lower face 
*what you see in these 2 x-rays is where Maxillofacial surgeons have played 
Meccano set 


*it is literally little plates and screws like a small Meccano set and you can see 
they have reattached all the bones to the various parts of the face 

*and whilst she had some scaring and lost a few teeth, she made an uneventful 
recovery and was discharged after 2 weeks, fully functional and able to eat 
*fortunately she had minimal traumatic brain injury and no significant other 
injuries other than the facial injury 


Slide 11-Major facial trauma/Facial fractures 

*4 sets of injuries involved 

*those to the midface 

*injuries to the mandible are by far the most COMMON 
*tripod fractures 

*injuries of the orbits or nasoethmoidal region. 


Slide 12-Major facial trauma/Le fort fractures 

*Rene Le Fort who lived from 1869 to 1951 described the Le Fort fractures 

*he suspected that there was a specific pattern of fractures and was able to get 
hold of cadaver faces and used various weights dropping from different heights 
onto the faces and he was able to demonstrate a set of repeatable injuries 

*he divided them into the Le Fort 1, 2 and 3 fractures 

*however, he did this experiment in the 1900s, they were low velocity injuries 
causing pure Le Fort fractures, these are very uncommon today as we deal with 
motor vehicles travelling at a 120km/h an therefore these are very Ohigh 
velocity and high energy injuries 

*today we see a mixture of Le Fort fractures, malar complex fractures, nasal- 
orbital ethmoid fractures and combined fractures of the face and cranial vaults 
and as such a Le Fort classification has recently been added 

*images on RHS, coming from a publication that emanated from our unit 
demonstrate the planes through which Le Fort’s 1, 2 and 3 fractures 
respectively will occur 


Slide 13- Diagram of skull and Le Fort type 1 

*Le Fort type 1 is basically where the denta alveolar ridge and the hard palate 
is fractured from the rest of the rest of the face 

*it involves the lower nasal septum, not just the teeth, and involves most 
importantly along with all fractures of the Le Fort complexes, it involves the 
pterygopalatine plates at the back of the pharynx 


Slide 14-Le Fort type 2 

*the Le Fort type 2 or pyramidal fracture extends through the facial bones, up 
across the nasal bone and down the other side therefore, the maxillae are 
involved and the nasal orbital ridges 


Slide 15-Le Fort 3 

*The Le Fort type 3 fracture otherwise known as cranio-facial separation or 
cranio-facial disjunction is a fracture that extends across both sets of orbits and 
zygomas and the pterygopalatine plates 

*this fracture in particular is associated with AARWAY COMPROMISE, 
especially when the patients lie flat because when they lie on their back the 
mid-face telescopes posteriorly locking the soft tissue at the airway 


Slide 16-Management of Le Fort Fractures - Basics 
*early definitive airway & early control of bleeding 


*and then manually restoring occlusion - pulling the bits of bone back into place 
so that the teeth are aligned aiming to get some degree of normal facial 
projection 

*obviously from an operative point of view the knowledge of the fracture 
patterns dictates the approach and then therefore it is important to do a 3D 
reconstruction, CT SCAN for the maxillofacial surgeon to plan their surgery 
*the LF1 fractures are approached usually through the mouth at a gingival- 
buccal incision 

*whereas the LF2 and LF3 fractures are approached either through a coronal 
access or through orbital access (either through the inferior or superior eyelids) 
*it’s important to realise as well today we often see unilateral injuries - they are 
still considered as LF injuries 


Slide 17-Orbital wall fractures 

*2"4 set of injuries include those involving the orbital walls and it’s important 
here to identify entrapment of the inferior rectus or inferior oblique muscles of 
the eyes as these patients will become permanently diplopic if this injury is 
missed 

*they will get globe malposition, they will not be able to look upward and 
outward 

*white arrow in picture A demonstrates the inferior oblique herniated into the 
maxillary sinus (which is the blue arrow on picture B) 

*picture C shows the other eye muscles sitting in the ocular vault 

*the image on the R demonstrates a classic fracture where you would have the 
blow out approach 


Slide 18-Unilateral zygomatic-maxillary (malar) fractures 

*the malar complex or tripod area is another area where injuries occur 

*you can see the tripod fracture of the L side of the face in the patients CT scan 
- she was a lady that was driving her car in the rural areas and a bus was 
approaching her and veered into her lane and she crashed into front right 
corner of the bus, leading to these facial fractures 

*keep in mind that there is often facial swelling, these are fractures that are 
easily missed 

*it’s called a tripod fracture because it involves the zygomatico-frontal suture at 
the apex, zygomatico-temporal suture at the inferior aspect of the orbit and the 


zygomatico-maxillary fracture in the anterior aspect - demonstrated in the CT 
scan 


Slide 19-Mandibular fractures - COMMONEST of facial fractures 

*as a general principle the mandible is usually broken in 2 places although 
unilateral fractures can be overlooked they are often undisplaced and often do 
not require significant intervention 

*Fractures of the mandible, because it is covered by mucosa of the mouth are 
commonly open and therefore require empiric antibiotic therapy for 5 days 
usually with AUGMENTIN (CO-AMOXICLAV) 

*there are multiple treatment options, so an open fracture may be managed as 
shown in the image with a make-shift external fixator but may also require jaw 
wiring, mini plates and screws and will certainly heal over time 


Slide 20-CT scan of skull 
*Example of a mandible fracture demonstrating the classic injury with 2 
fractures: an anterior and lateral fracture 


Slide 21-modern practice - combined injury 

*2 more examples of common injuries 

*L - bullet wound through the maxilla, hard palate and coming out through the 
mandible (unilateral mandible fracture but here you can see the mandible is 
shattered) 

*R - CLASSIC MOTOR VEHCILE COLLISION patient, with a massive frontal 
injury, the mandible is fractured in 2 places and additionally there are denta 
alveolar fractures, LF1 fractures, a unilateral LF2 fracture and a partial malar 
complex injury 


Slide 22-2 CT scans of skulls 
*further facial fractures demonstrating again the mandible split in the middle 
and a malar complex fracture 


Slide 23-Back to our historic picture 

*this RAF fighter pilot is 1 of what is known as the Guiney pig Club - they were 
royal air force pilots fixed by Gillies and Mackindo and anesthetised by McGill 
> the patient in question is seen with his reconstruction photos on the RHS 


Objectives: 


Mechanism of injury 

Nature of vascular injury > how has BV been injured. 

Clinical diagnosis: hard signs & soft signs 

Principles of investigation: clinical, imagining, types 

Management & surgical repair: open, endovascular, damage control 
Complications 


Mechanism of Injury 


Blunt Injury: e.g., punch to abdomen (direct assault), high speed MVA 
(indirect assault) 


Can be direct as seen in interpersonal violence, or indirect as seen in 
tortional forces in MVA. 

Can cause fractures or dislocations of bones and joints. 

Movement of bone/joint may cause a blood vessel impingement, 
entrapment, injury of intima or complete disruption > active bleeding. 


Penetrating Injury: e.g., impalement by knife blade into abdomen (penetrating 
body is still found in the patient), pen stuck near the sternocleido joint. 


May be partial or complete destruction of the blood vessel. 

Impalement, stab wounds (commonest), GSW, shotguns 

Anything with a pointed tip can cause a penetrating injury. 

Any sharp pointed object can cause a penetrating trauma, even a pair of 
stilettos. 

Pictures: (bottom) Xray of patient with shotgun injury which causes blast 
like explosion which disperses multiple small pellets. 


Blast Injury: 


Caused by bombs and explosions either due to terrorism or accidental 
explosions like in chemical plants. 

Cause a unique pattern of injury > complex and patient often have 
combinations of these injuries. 

Categorized into primary, secondary tertiary, quaternary and quinary. 
Primary: direct effect of blast shockwave like the sheering and stress 
forces on tissues from shockwave itself. Organs injured first are the 
tympanic membrane/eardrum, lungs which are air filled, ocular injuries 
and concussions to the brain. 

Vascular injuries from a bomb/explosion are usually from secondary, 
tertiary type categories 

Explosions that occur in a confined space (mines, buildings, large 
vehicles) and/or structural collapse are associated with a higher 
morbidity and mortality. 


Iatrogenic injuries: 


Caused by invasive procedures offered to patient that have come to a fall 


Minimally invasive procedures: image guided biopsy, catheter directed 
angiogram which can complicate to loss of a limb, dialysis catheter, 
central venous catheter in subclavian artery and vein 

Top picture: angiogram where the Right femoral artery was cannulated - 
the left external iliac artery is continuous to femoral distally. In the right 
external iliac, there’s area of discontinuity with haematoma formation 
and reconstitution of common femoral lower down > puncture of right 
common femoral artery occurred 

Surgery 


Nature of Injury: Vessel Disruption 


Simple laceration to lateral wall 

Complete or incomplete transection of the blood vessel 

Torsion and twisting leading to contusion and segmental spasm of artery 
which recovers with time 

Contusion of vessel wall causing blood flow stasis and thrombosis 
Contusion of wall causing weakening of blood vessel wall resulting in full 
thickness aneurysm of vessel 

Intimal injury (inner most aspect of blood vessel) by blunt or penetrating 
injury which weakens the BV wall. Blood then fills in the space between 
intima and media causing a false/pseudoaneurysm 

Arteriovenous fistulae - communication between arterial and venous 
structures 

External compression of BV by fractures, dislocated joints, foreign bodies 
Picture: large pulsatile mass in left axilla - patient sustained a stab 
wound to the axilla and then presented with the mass. This was an AV 
fistula of the axillary artery and vein 


Clinical Diagnosis 


History > look, listen, feel > inspection, palpation, ascultation 


Examination: 


Type of bleed - was it active arterial cleeding which pulsates and sprays 
or was it venous dark blood which fell on floor in a pool 

Were there pulses present 

Were bruits audible 

Was there an expansile or pulsatile haematoma 

Does px still have limb sensation 

Is limb warm or cold 

Is motor function present in limb 

What does the compartment of that limb feel like - does it feel under 
pressure, swollen 

Can you decide direction/trajectory of injury? 


Ankle-Brachial Index 


- used to assess a limb to decide whether there’s lower perfusion going 
distally or not 

- done using doppler and BP cuff either to the dorsalis pedis pulse, 
posterior tibial or brachial artery 

- calculated by: BP done on right upper limb and right ankle and similarly 
on the left. The higher of the right ankle pressure divided by the higher 
arm pressure gives you a value 


Hard Signs: patients who definitely Soft Signs: patients who may or may 
have a vascular injury not have vascular injury but warrants 
further investigation 
Pulsatile bleeding from wound History/proof of significant bleed 
Expanding pulsatile haematoma Stable, Non-expanding haematoma 
Palpable thrill Injury proximity to major vessel e.g., 
Absent distal pulses axilla in upper limb 
Audible bruit Reduced pulse/pulse deficit between 
Ischaemia - cold pale limb upper and lower limbs 
Neurological deficit like patient with 
stab to axilla but has a brachial 
plexus injury and no evidence to 
vascular injury 


Example of hard sign (bottom left picture) >pool of blood on sheet, silastic 
catheter, which is normally used for bladder cannulisation, which has been 
placed on a penetrating wound in Zone 1 area of the neck, bulb of balloon has 
been inflated to tamponade blood flow from wound, patient is on oxygen 
because he was shocked when he came in from hypovolemia (active pulsatile 
bleeding) 


Middle picture > Left limb, which is mottled, foot looks blue compared to right. 
This is an ischaemic, cold limb. 


Further Intervention: 


Hard Signs > direct surgical intervention. May still undergo urgent 
investigation in the hands of experienced vascular surgeons. 


Soft Signs > investigations that can be done urgently or semi-electively. 


Penetrating Extremity Trauma to the Limb - Algorithm 


Take medical history and physical examination: 


e hard signs > patient needs immediate vascular surgery consultation and 
operative intervention 

e soft signs > patient undergoes investigation (CT Angiography) > if CT 
Angio is + for an injury like occlusion or extravasation, the patient is 
referred to immediate vascular surgery consult 

> if the CT Angio is - or minimal injury (no occlusive arterial injury), the 
patient may be observed 


e if there are no signs of vascular injury (no hard or soft signs), then do an 
ABI (Ankle Brachial Index): if it is >0.9, observe the patient. If it is < 0.9, 
do a CT Angio and take it from positivity or negativity thereafter. 


Principles of Investigation - Imaging: incorrect imaging kills a patient 


e Any patients with Hard Signs which are: active bleeding, haemodynamic 
effects like shock, evident location of injury which is accessible > 
Operative intervention to stop the limb bleeding 

e Any patient with hard signs which is: a stable patient that responded to 
resuscitation, unclear location of injury like multiple GSWs or multiple 
fractures, difficult/morbid access > Catheter Directed Angiogram which 
gives you the opportunity to make diagnosis and therapeutic option 
available in terms of stenting or coiling of active bleeding vessels or 
aneurysms 


X-Rays: in the stale patient, do this first regardless of penetrating or blunt 
injury. Should be done in 2 planes (lateral shoot through and AP/PA). Look for 
soft tissue, haematomas, surgical emphysema, which is free air in tissues, 
fractures, dislocation. More importantly, look at mediastinum especially in erect 
x-ray, is there pneumothorax or haemothorax, are there foreign bodies, retained 
bullets or blades 


Left picture: patient who sustained a stab to zone 1 of the neck suprasternally. 
Xray shows right pneumothorax from injury to lung and pleura, and a very wide 
mediastinum which is an indication for the next level of investigation (CT Angio 
of great vessels and their branches in the mediastinum which may have caused 
the mediastinal enlargement). The right pneumothorax was addressed with an 
intercostal chest drain. 


Middle Picture: similar silhouette change in the mediastinum as seen by bulge 
of aortic shadow. 


Right picture: foreign body in cervical area, with a penetrating neck injury. 
There patients need CT Angio to identify or exclude a vascular injury 


X-Ray rule of twos > 2 views (lateral shoot through and AP/PA), 2 sides, 2 joints 
(to compare the two limbs, especially in children where they have growth plates 
which may be mistaken for fractures), 2 films on 2 occasions if there wasn’t an 
abnormality the first time 


Patient on Left: had been shot 2 days ago to middle of leg. First Xray (middle) 
shows intact tibia, cut off knee joint, intact fibula, and a linear foreign body in 
interosseous membrane between tibia and fibula however, a lateral view (right) 
shows similar object to knife blade on medial aspect of tibia in situ (did not fit 
the history) 


Duplex Ultrasonography/Duplex Doppler: non-invasive, bedside, or 
radiological test that’s operator-dependant. Can only be done in easily 
accessible areas e.g., Zone 2 of neck (between cricoid cartilage and angle of 
mandible) 


CT Angiography: of the neck, arch of aorta and great vessels, abdomen, and 
peripheral CT Angio is commonly used to identify or exclude vascular injuries of 
truncal vasculature or the peripherals. It allows accurate assessment in >96% 
of cases. Concern of nephrotoxicity from IV contrast used especially in patient 
with underlying renal disease. Metallic foreign bodies in situ creates large 
artifact which impedes on visualization of vascular structures. In this case, CT 
Angio is offered to patient with cannulation of common femoral, axillary, radial 
artery > vascular tree is lit up with contrast and leakage of contrast can show 
evidence of a vascular injury 


CSA (Catheter Directed Angiography): catheter access under image 
guidance so that injuries to vessels and neurological structures and soft tissue 
can be mitigated. Can be diagnostic and therapeutic. Once injury is identified, it 
can be coiled or stented with a micro mechanical device to stop bleeding and 
allow limb perfusion. Unfortunately, that’s done by specialist centre. 


Management of Vascular Injuries 
ATLS Principles > Advanced Trauma Life Support: 


e A (airway) B (breathing) C (circulation & haemorrhage control) D 
(disability) E (exposure) - In patients with neck injuries, e.g., 
haematomas, the most important is the airway and breathing. Large 
haematoma can cause airway compression and compromise so its 
important to protect the airway early on - intubate! Also note C-Spine 
injuries! 


Picture: penetrating wound has been sustained to the left side of patient’s neck. 
They had respiratory distress from haematoma in Zone 2 area. Intubation was 
not possible, so airway was secured with tracheostomy rather than ET Tube 


e Catastrophic Haemorrhage: major injury to major vessel can cause 
exsanguination and possible death unless haemorrhage is stopped. 


Direct digital pressure (manual) > foleys catheter with bulb inflated in wound 
to cause tamponade > surgery > interventional radiology (Catheter directed 
angiography in a stable patient) 


X-Ray: GSW to Zone 1. Bullet visible on upper chest. Circle shows that there 
was active bleeding from wound itself and doctor who was placing pressure on 
wound didn’t remove hand during x-ray. 

Bottom picture: patient exsanguinated from zone 1 stab wound, silastic/foleys 
catheter was inserted into wound with bulb blown up in the wound to 
tamponade bleeding. Also tie catheter on the other side to avoid leakage of 
blood onto the other side 


e Vascular Surgical Principles: what to do if there are associated fractures 
or dislocations? Do you fix that first or vasculature first? 

- Clean and drape entire limb affected 

- Always drape groin area for vein harvest that can be used for vessel 
repair 


- Adequate exposure of anatomical area of afferent and efferent limbs: 
standard exposure techniques 

- Proximal and distal control of BV to temporarily interrupt the flow of 
blood to identify and repair injury 

- Diseased/injured segment is resected or debrided 

- Vascular repair follows with or without a suitable conduit depending on 
whether the injured ends can fit effortlessly without tension 

- Injury is repaired, restoration of blood flow, good in flow and outflow 

- Topical (during tactile part of vessel repair)/ systemic heparinization done 
by anaesthetist 


e Surgical Repair Options: 

- Monofilament suture, small caliber, non-absorbable suture material like 
Prolene 

- Interrupted sutures to small arteries to prevent stenosis or continuous 
sutures through all layers with intima-intima approximation 


Methods: 


- Lateral suture can be used for a simple closure of a lateral laceration 

- Ligation if suture is not possible because patient is not stable 

- Vein patch angioplasty 

- End-to-end anastomosis 

- If tissue loss causes two ends of vessels to not be able to come together, 
use interposition graft: autologous from patient (Reverse Saphenous Vein 
Graft - RSVG from contralateral leg) or synthetic (PTFE - Poly Tetra 
Flora Ethylene > bottom right picture) 

- Bypass procedures: if vessel can not be repaired on one side of the body, 
blood from other side of body is used to bypass the area of injury but still 
supply blood to injured limb 


e Endovascular Treatment: Catheter directed angiographic treatment 

- Important in proximal injuries where we would have to do morbid access 
like a sternotomy or thoracotomy 

- There’s less blood loss, done by highly skilled team set 

- Picture: catheter directed angiogram of patient with left subclavian 
artery injury. Pseudoaneurysm comes out of the artery, stent is deployed 
(mesh like) into vessel, last angio shows continuity of vessel with the 
graft put in 


e Damage Control Vascular Surgery: 

- Rare in isolated vascular injuries to need to do this 

- Done in multiple injuries and patient in gross physiological extremis 
(shocked patient, coagulopathic, hypothermic, has lactic acidosis, is 
extremely unstable)but has a limb injury that causes this 


Shunting: use of any tubes e.g., NG Tube, silicone tubes, attached end to 
end to vascular structure to allow blood flow in tube. This allows 
perfusion 

Ligation: tie off bleeding vessel 

Packing: swabs to contain and tamponade the bleeding 


Complications of Vascular Injuries 


Compartment Syndrome: increased pressure within the myofascial 
compartment 

Pain*** that is out of proportion from the injury itself. Analgesia does not 
work, and ongoing pain is an alert 

Paraesthesia, numbness, or strange sensations in the limb from lack of 
neurological structure perfusion 

Paresis/paralysis 

Pallor - from this point onwards, it may be too late to fix the limb 
Pressure, tense compartments 

Poikilothermia 

Pulselessness 

Reperfusing the compartment in a Mottled, fixed stained limb can result 
in reperfusion injury (devastating renal picture) 


Amputation: if limb is non-viable, in order to prevent reperfusion injury, 
amputation must occur. This is seen in missed injuries or delayed transfer 
Reperfusion Injury: when blood flow is restored in previously ischaemic 
limb causing overflow of toxins like lactic acid to be sent into systemic 
circulation > causes hyperkalaemia, metabolic or lactic acidosis, cardiac 
arrest, and death. Need to keep perfusion to kidneys and rest of the body 
stable. Provide enough fluid for dilution of toxins once vascular structure 
repair has occurred. Also repeat ABGs. Renal input and output is 
important 

Thrombosis and thromboembolism: clot at site of injury or downstream 
embolism from thrombosis. Massive pulmonary thromboembolism is an 
emergency 


Summary: mainstay of diagnosis is clinical examination and imaging to localize 
the injury, maintain high index of suspicion so look for injury and actively 
exclude it, identify associated injuries like GSW to leg - fractured tibia, 
appropriate imaging for the appropriate patient > unstable pxs need operative 
intervention. Imaging occurs in haemodynamically stable pxs, early referral to 
vascular services, earl definitive surgery or damage control manoeuvres need to 
be decided upon before operation starts 


Objectives: Anatomy of neck and which surgical structures need imaging and 
intervention, history and examination, investigations, principles of management 
1. Anatomy 


Structures found in the neck from external to internal: soft tissue/adipose and 
muscle, bones - hyoid bone, vessels, nerves, aero-digestive - trachea, larynx, 
oesophagus and pharynx, lymphatics, glands - thyroid, submandibular, parotids 


Vertebral levels 
CH yoid 


c3 —> 
| 

c4 ——> : — Carotid bifurcation 
Thyroid notch 
Thyroid cartilage 
Cricothyroid ligament 
Cricoid cartilage 
Cricothyroid ligament 

c6 —>+> 


Isthmus of thyroid 


C3 = Hyoid bone; C4 = Bifurcation of common carotid arteries, C6 = 
cricothyroid ligament, T2/3 Suprasternal notch 


Describing the neck in 3 Zones: 


Cricoid 


Zone 1: from suprasternal notch to inferior border of cricoid cartilage 
Zone 2; between cricoid cartilage and angle of the mandible 


Zone 3: above angle of mandible to the base of the skull 


Structures lying in the different zones: 


Angle of mandile 


Messeter Parotid gland 


Parotid duct 


Digastric 


Submandibular gland S 
Occipital protuberance 


Facial artery 
Mandible 

Hyoid 
Omohyoid 
Thyroid cartilage 


Internal carotid 
External carotid 


Spinal part of 
accessory nerve 


Common carotid 


Trachea 
Thymus NN Trapezius 
External jugular vein 
Sternocleidomastoid NE 
Acromion 


Clavicle 


B Subclavian artery and vein 


Source: Mattox KL, Moore EE, Feliciano DV: Trauma, 7th Edition: 
www.accesspharmacy.com 
Copyright © The McGraw-Hill Companies, Inc. All rights reserved. 


Zone 1: 


Blood vessels > aortic arch, innominate vessels, subclavian and branches, 
common carotids, jugular veins, brachiocephalic vein, SVC 


Respiratory > trachea, lungs, pleura 
Digestive > oesophagus 


Nerves > brachial plexus, recurrent laryngeal nerve, phrenic, vagus, 
sympathetic trunk, spinal cord 


Other > thoracic duct 
Zone 2: 


Blood vessels > carotids, internal jugular veins, vertebral arteries, anterior 
jugular vein 


Aero-digestive tract > trachea, hypopharynx 

Nerves > recurrent laryngeal, vagus, spinal cord, phrenic, sympathetic trunk 
Other > thyroid, submandibular glands 

Zone 3: 


Blood vessels > carotids and its branches, vertebral arteries, jugular veins, 
facial artery which can cause torrential bleeding 


Aero-digestive tract > pharynx and hypopharynx only since the oesophagus 
begins below C6 only 


Nerves > spinal cord, CNs 7-11 
Other > parotid gland 


2. History 

- Mechanism of Injury: penetrating or blunt weapon injury 

- Blunt injuries = motor vehicle collisions/crashes, pedestrian vehicle 
collisions/crashes, assault, interpersonal violence, hanging 

- Penetrating injuries = stabs, GSWs (low or high velocity), blast injuries 

- X-ray (top right): in patient with penetrating nek injury showing very 
large prevertebral swelling on lateral neck x-ray. The trachea has been 
pushed anteriorly, its kinking and impinged against clavicle. Cervical 
spine is far from trachea 

- Barotrauma: occurs in explosions like detonation of bombs 

- Burns: ingestion of caustic and other poisons 


Pictures: examples of mechanism of injury. (Left) shows a ligature mark caused 
by hanging/strangulation (blunt injury - caused by compression and shearing 
forces) 

(Right) shows penetrating nek injury which can be seen by suprasternal 
laceration near patient’s neck. Zone 1 wound with blood & bubbles 


- Type & degree of effluent from wound: blood (vascular injury), air (leak of 
air from trachea, lungs, pleura, or oesophagus), bubbles, saliva (identifier 
of oesophageal injury) 


- Voice change: direct injury to larynx or secondary injury by compression 
of haematoma for example on the larynx which squashes it. Can also be 
nerve damage to speech nerves 

- Odynophagia: pain on swallowing which may allude to oesophageal injury 

- Neurological deficit: when there’s spinal injury with or without cervical 
dislocation. Patients may have mono paresis or have severe neurological 
deficit like falling off a horse and sustaining very high cervical fracture 
dislocation and spinal cord translocation > becoming quadriplegic. 
Neurological deficits are commonly seen in patients with cervical injuries 
following major MVC or PVC. (collisions) 


3. Examination 

e Primary Survey as per ATLS protocol (ABCDE OR CABCDE) 

- Airway & C-Spine immobilisation until cleared: secure airway early. 
Respiratory distress, air hunger and stridor specifically can identify a 
patient who may quickly lose their airway protection. So secure airway 
with direct or indirect laryngoscopy and intubation of trachea. Avoid 
paralysing agents in the neck to be able to assess for neurological 
deficits. During RSI for these patients, muscle paralysis for the safety of 
intubation is used 

- Breathing: auscultate chest for presence of pneumothorax or 
haemothorax since in zone 1 injuries can affect lungs and pleura 

- Circulation: aortic arch and its branches that divide at the suprasternal 
notch and divides upwards. Control obvious external bleeding by applying 
direct pressure. Don’t probe wounds as this may dislodge haematomas 
and cause further injuries. Tamponade bleeding wounds below the 
platysma with a Foleys catheter that has the balloon blown up 

- Deformity or neurological deficit: the c-spine can be palpated in the 
midline for any deviation from midline, tenderness, or haematoma 

- Exposure of patient thoroughly of the neck, head, thorax, trunk, and 
back/Environment. 


Picture 1: spinal movement restriction with head blocks on a spinal board with a 
spider harness to immobilize patient 


Picture 2: halo brace which attaches thorax directly to head/apex 


e Secondary Survey (Look, Listen, Feel) 

- Inspection: look for signs of blunt or penetrating injury like bruises on 
neck or open wounds. Look for use of accessory muscles (respiratory 
distress from airway or breathing problem). Look for type and quantity of 
effluent from wound like blood, bubbles, and saliva 

- Auscultation: for carotid bruits on either side of the trachea 

- Palpation: tenderness, deformity, subcutaneous emphysema, 
malalignment, tracheal deviation, symmetry of pulses, thrills, radio- 
femoral delay 


4. Investigations 


Who gets investigated? Patient who survives trip to CT Scanner, x-ray 
department or fluoroscopy room. Patients stable enough to survive trip to be 
investigated in other centres 


Unstable patients need operative intervention for the life-threatening injuries 
first before imaging takes place 


X-Ray: of the neck in 3 views (AP/PA like top picture, Lateral neck like 
bottom picture and odontoid/peg view which shows C2 odontoid peg 
fitting into C1/Open mouth view) 

Erect chest x-ray must be done to identify any foreign bodies, 
pneumothorax, injury to the lung or the heart. Look from out to in: soft 
tissue lines for surgical emphysema, bony abnormalities like c-spine 
fractures or dislocations, foreign bodies, trajectory of bullet tract like first 
picture (top) > PA view of cervical spine of patient who sustained GSW to 
the face. They sustained the wound in the left cheek/mandible area with a 
fracture of the mandible and many pieces of foreign body located within 
the mandible. There’s a foreign body in the middle of the c-spine (bullet). 
On lateral view, you can see that the foreign body is actually located 
anterior to the cervical vertebral bodies. Large soft tissue swelling as 
seen by yellow arrows that occurs in prevertebral space in front of 
cervical bodies 


Ultrasound/Duplex Doppler: can be done at bedside or at radiology 
Specifically screening for zone 2 between mandible and cricoid cartilage 
- area most accessible with probe of ultrasound to look for injuries 

Poor for zones 1 and 3 

Operator dependant, subjective 


CT Scan Angiography: high resolution multi-slice CT scanner taken of 
neck arch and great vessels 

Previously, zones 1 and 2 were mandatory to take CT San angiogram, 
however, we now take CT scan angio regardless of zone (no zone 
approach for penetrating injuries) 

For patients who have an uncleared cervical spine in blunt injury, (based 
on Nexus criteria), or uncleared on imaging 


Catheter directed angiography: specialised service provided by IALCH 
vascular department, GOLD STANDARD for diagnostic and therapeutic 
purposes 

Water soluble contrast swallow: for oesophagus. This is done in the 
fluoroscopy suite in certain centres. Not widely available 

+/- Endoscopy to identify or exclude oesophageal injuries especially in an 
intubated patient who can’t swallow. Combination of these two 
investigations gives >90% chance of excluding or confirming an 
oesophageal injury 


Picture: fluoroscopy of contrast swallow down hypopharynx. There’s small bleb 
showing small leak/oesophageal injury. 


Bronchoscopy +/- Laryngoscopy is used to identify airway injuries 
(larynx, trachea, bronchi) 

Picture: fibro-optic bronchoscopy of trachea showing tracheal rings and 
trachealis muscle 


MRI: most specific for neck injuries. Best to find neurological injuries 
These are found in specialist centres with long waiting list 

Time consuming to capture images, requires stable, compliant patient 
MRI Angio > lower renal risk, no radiation 

Picture: MRI of spine of patient who sustained a stab to the back. Spinal 
cord posterior aspect has leakage of CSF 


Management 
Resuscitate as per ATLS principles 


Stable patient: investigate as per indication > usually CT Angio of arch 
and great vessels +/- water soluble contrast swallow to actively define or 
disprove injury. Plan management 

Unstable patient: sort out acute problem. Operative intervention as an 
emergency. Imaging at a later stage to confirm other injuries. Each injury 
is managed separately 


Blunt Trauma: 


C-spine that’s dislocated: emergency reduction of spine non-operatively 
by use of Philadelphia collar (has valcrow straps that connect anterior 
and posterior together) or operatively by open reduction and internal 
fixation 

Cones callpers, cervical halo and vest 


Penetrating tracheal injury: 


If < 1/3 circumference of trachea is injured and patient is stable with no 
other injuries = CONSERVATIVE MANAGEMENT, healing on your own 


If > 2/3 tracheal circumference injured, and patient is unstable or has 
other injuries = PRIMARY REPAIR by suturing in theatre 

If tracheal injury is associated with an oesophageal injury > Buttress 
repairs with muscle flap interposed between trachea and oesophagus: try 
avoiding trachea-oesophageal fistula if there’s breakdown of the sutures 
Simple lacerations of the trachea are sutured with simple sutures. We re- 
anastomose large lacerations or transections with absorbable 3/0 
monofilament sutures. 

A closed suction wound drain is left in place alone to drain any 
haematoma to prevent seroma formation in the tract 


Penetrating Cervical Oesophageal Injury: 


If it’s a Simple, non-bleeding hypopharyngeal and pharyngeal lacerations 
with no instability = CONSERVATIVE, no operative intervention is 
required. The patient is given a nasogastric tube for feeding for 10 days 
in order to feed distal to the injury. After 10 days, we repeat the water- 
soluble contrast swallow to assess if there are still any leaks or if its 
healed. If it has healed, the NG tube is removed, and the patient can eat 
orally. If it is still present, NG tube feeding for another 10 days, and a 
swallow is repeated for 10 days. This continues until healing has occurred 
If the laceration is bleeding or there is a large defect, operative 
intervention is needed where wound is debrided and sutured with 
absorbable 3/0 sutures e.g., Vicryl 

For true oesophageal laceration, debridement to healthy wound edges is 
important. Suture with absorbable monofilament 3/0 in full thickness with 
1-2 layers is how we close the wound. Leave closed suction drain in situ 
for the wound. The patient must have an NG tube distally until a swallow 
can be done again to assess for leaks, before it can be taken out for 
patient to feed orally 


In SA > 3000 Children die an unnatural death/year 

Children = under age 15s 

Top 5 causes of death in Durban: pedestrian death (204), 
passenger/driver deaths (42), drowning (99), burns (89) and violence (32) 
Majority are 0-4years where falls are common. In the older age groups, 
MVCs are more common 

Common errors made in management of young child: not recognizing 
deterioration, not providing maintenance fluids and glucose, allowing 
child to become hypothermic, medication errors, missed injuries, 
overtreatment especially of solid abdominal organ injuries, lack of skills 
like IV access or securing airway 


Primary Survey: ABCDEFGHI of Trauma 


Airway, breathing, circulation, disability, exposure/environment/examine, 
Fahrenheit, get vitals, head-to-toe assessment, intervention 

Rapid trauma assessment (pneumothorax, haemothorax) 

Ample history taking & secondary survey (worry about scaphoid 
fractures, broken toenails) 

Tertiary survey 


ATLS/ITLS Approach PALS Approach 
Primary survey: ACT = Assess, Categorize, Treat 
Airway, breathing, circulation, 
disability, exposure ACT 1 = scene survey 
A - Appearance 
Rapid trauma assessment B - breathing 
C - Colour 


AMPLE History & secondary survey 


Tertiary survey 


ACT 2 = Primary survey 


ACT 3 = SAMPLE History and 
secondary assessment 


Assessment of the Weight of the child 


RED 


ISCITATION "RAPID SEQUENCE INTUBATION 
ose PREMEDICATIONS 
0.085 mg/0.85 m! Atropine 0.17 mg 
Pan/Vecuronium WA 
0) 0,85 mg/0.85 ml (Defasiculating Agen!) N/A < 20 kg 
0.17 mg Lidocaine 13mg 
ite 8.5 mEq Fentanyl à 25 meg 
8.5 mg INDUCTION AGENTS 
y Etomidate 25mg 
17 Joules Ketamine 17 mg 
Midazolam ` 2.5 mg 
34 Joules Propotol 25 mg 
9 Joules 5 PARALYTIC AGENTS: 
Succinylcholine (give atropine prior) 17 mg 
0.85 mg Pancuronium 1.79 
wded 1.7 mg Vecuronium 1.7 mg 
42mg Rocuroniym 5 Smo 
170 mg MAINTENANCE 
te 425 mg Pancuronium/Vecuronium 0.9 mg 
Lorazepam 0.4 mg 


Atropine 
Sodium Bicarbonate 
Lidocaine 
Defibrillation 

First dose 

Second dose (may repeat) 
Cardioversion 
Adenosine 

1st Dose 

2nd Dose if Needed 
Amiodarone 
Calcium Chloride 
Magnesium Sulfate 


PURPLE 


RESUSCITATION 
Epinephrine 1st Dose (1:10,000) 
Epinephrine High Dose/TT (1:1,000) 1mg/1 mi 


0.1 mg/1 mi 


0.21 mg 
10 mEq 
10 mg 


20 Joules 
40 Joules 
10 Joules 


1mg 

2.1 mg 
52 mg 
210 mg 
525 mg 


RAPID SEQUENCE INTUBATION 
PREMEDICATIONS 


Atropine 0.21 mg 
Pan/Vecuronium N/A 
(Defasiculating Agent) N/A < 20 kg 
Lidocaine 15 mg 
Fentanyl 32 meg 
INDUCTION AGENTS 
Etomidate 3.2 mg 
Ketamine 21 mg 
Midazolam 3.2 mg 
Propofol 32 mg 
PARALYTIC AGENTS 
Succinylcholine (give atropine prior) 20 mg 
Pancuronium 2.1 mg 
Vecuronium 2.1 mg 
Rocuronium 10 mg 
MAINTENANCE 
Pancuronium/Vecuronium Img 
Lorazepam 0.5 mg 


ME 


RESUSCITATION 
Epinephrine 1st Dose (1:10,000) 


0.13 mg/1.3 


Epinephrine High Dose/TT (1:1,000) 1.3 mg/1.3 


Atropine 
Sodium Bicarbonate 
Lidocaine 
Defibrillation 

First dose 

Second dose (may repeat) 
Cardioversion 
Adenosine 

1st Dose 

2nd Dose If Needed 
Amiodarone 
Calcium Chloride 
Magnesium Sulfate 


0.26 mg 
13 mEq 
13 mg 


26 Joules 
52 Joules 
13 Joules 


1.3 mg 
2.6 mg 
65 mg 
260 mg 
650 mg 


- Weigh child with a mat, the put child down and weigh mat, the subtract 
the mat 

- Children <5 can use RTHC 

- Length based tape gives you average weight using a graph 


Airway management includes spinal cord protection 


Who needs spinal cord protection? Use NEXUS (National Emergency X- 
Radiography Utilization Study) criteria: 


e Decreased level of consciousness: due to head injury or intoxication 
e Distracting injury: another painful injury like a fracture that may take 
away from injury of the spine 


e Neurological deficit 
e Tender over c-spine 
e Multitrauma patient 
e Mechanism of injury 


What should be Imaged? 


e Lateral neck radiograph: most important 


e AP Radiograph, open mouth view, swimmers view (one arm is over the 


head, not suitable for c-spine injury) 
e Flexion/extension x-rays done few days after neck has settled, done under 


supervision 
e CT Scan 
e MRI 


Indications for intubation in paediatric multitrauma patients 


- Inability to maintain an airway: maxillofacial injuries, swelling of the 


larynx or pharynx due to anaphylaxis, bleeding or swelling 


- Inability to protect airway: due to decreased level of consciousness or 


severe shock 


- Need for mechanical ventilation: lung trauma, prolonged resuscitation, 


head injuries 


- To abolish Valsalva manoeuvre in head-injured patient: controversial 


indication 


Pre-Hospital Intubation controversy in paediatric trauma 


FOR: 


AGAINST: 


Ensures oxygenation of the patient 
Abolish Valsalva manoeuvre: causes 
raised intracranial pressure 
Prehospital intubation increases 
prognosis in adult patients with 
traumatic brain injury (TBI) 


Intubation may cause raised ICP 
and/or hypoxia 

Intubation drugs may cause 
hypotension e.g., propofol or 
midazolam (ethomidate or ketamine 
preferred) 


High incidence of intubation of 
oesophagus in reported series 

If no ventilator Is used, tend to 
overventilated 

In some reported series, prehospital 
intubation does not affect prognosis 
in children with traumatic brain 


injury 


RSI in Children 


Children have a different anatomy: 


Airways are smaller and shorter 

Large head 

Small oral cavity with large tongue 

Epiglottis is U-shaped and floppy, so difficulty bring it forward with 
laryngoscope 

Larynx is high and angled antero-inferiorly therefore difficult to visualize 
Cricoid is the narrowest part 

Child is an obligatory nose breather 


Intubation in Child 


Need an experienced intubator, need good lighting 

Protect the c-spine by in-line manual stabilization 

Equipment: formula for the tube sizes 

(14 + age)/4 for cuffed tubes > preferred tubes 

(16 + age)/4 for uncuffed tubes 

Standard RSI: suxamethonium, etomidate 

For failed intubation of a child, you need and escape plan: 

Not more than 3 attempts each lasting <30sec 

Cricothyroidotomy contraindicated in younger child 

Checks for adequate intubation, have to see tube pass vocal cords, listen 
to chest and axillae for breath sounds, look on monitor for end tidal CO2, 
Look at O2 SATS, check positioning of tube on chest x-ray 


Circulation: hypovolemic shock 


Management: 


IV/IO Access: if you can’t get IV in 90sec to 5min, go for IO 


- Fluids: crystalloids 15-20ml/kg; colloids 7-10ml/kg as a bolus 

- Assess & repeat 

- Assess and think: does the patient need more fluids, is there ongoing 
bleeding, is there another form of shock like cardiac, is there confusion, 
tension pneumothorax 


Maintenance Fluids 
In a child always add maintenance fluids: 


- Greater losses (weight/surface ratio, immature kidneys) 
- Glucose (immature liver) 


Given as % DD 
4-2-1 Rule: 


- Aml/kg for first 10kg body weight 
- 2ml/kg for second 10kg body weight 
- 1ml/kg for every kg body weight after that 


D - Disability: Assessing GCS in preverbal Child 


Eye opening Motor Verbal 
5 obeys commands | Coos and babbles 
4 Spontaneously localizes paint Cries irritably 
3 To shout/command flexion to pain Cries to pain 
2 To pain extension to pain | Grunts to pain 
1 No response no response No response 


E - Exposure & environmental control 


- Expose by cutting away clothes in patient with possible spinal cord injury 

- Expose entire patient to avoid missing injuries 

- Children cool off quickly: 

e Prognosis drops significantly with temp drop < 35 degrees and survival is 
unlikely with temp < 33 degrees 

e External temperature control: room temp, warm blankets, external heat 
sources 

e Internal heating: warm fluids, warm lavage of stomach or bladder 


Rapid Trauma Assessment & Secondary Survey 


Rapid trauma assessment: physiological review of main systems (resp, 
cardiovascular) for immediate or pending threats to life. Aims to find 
explanations for abnormalities found in primary survey and abnormalities 
that may cause issues in the first 24 hours e.g., flail chest causing 
respiratory deterioration in first 24 hours 


Secondary survey: anatomical review of all areas of the body from head to 


toe 


Tertiary survey: repeat of primary survey to assess for changes in condition. 
Must be done whenever patient moves e.g., from trolley to radiology and 
every 2 hour in an unstable patient 


SAMPLE History 


Symptoms, allergies, medication, past medical/surgical/pregnancy history, 
last meal, events leading up to incidence 


Secondary Survey 


Head injuries: 

Traumatic brain injury is most common cause of unavoidable death in 
injured children 

Most common injury: diffuse axonal injury, severe cerebral oedema 
(global injuries as opposed to specific focal injuries in adults) 

Most prognostic indicators: hypotension, hypoxemia 

Typical paediatric concerns: diffuse cerebral oedema > malignant type 
with coning and death if not treated properly so observe for 6-8hours 
after injury, endocrine abnormalities (hyponatremia > SIADH, Cerebral 
salt wasting) 


Management principles in severe TBI: 

Exclude intracranial haematoma: clinically and CT scan 

Maintain oxygenation to the brain: respiratory and circulatory support 
Minimize brain swelling: position patient with head up, secondary insults, 
CO2 control 

Minimize brain metabolism: induced coma, temperature control, 
anticonvulsants 

Role of induced hypothermia? Could actually be detrimental to children 


Abusive head injuries/Shaken baby syndrome/inflicted head injury: 
Combination of intracranial bleeds (mainly subdural haematoma) and 
retinal haemorrhages in infants <lyear 

Peak age 1-4 months when children have incessant crying pattern. 
Parents get annoyed with child 

High risk of poor outcome (death or severe neurological disability: mental 
retardation, cerebral palsy, cortical blindness, seizure disorder and 
learning disabilities) 

PREVENTION: child’s brain is smaller than cranium so brain floats in 
cranium, so shaken child slams brain in it 


Secondary survey 


Pitfalls in the management of paediatric head injuries 


head injuries and skull fractures not seen because children have resilient 
bones 

routine CT scans aren’t indicated anymore because you have high 
incidence of tumours in kids who have had (>7) CT scans at an early age, 
and the ALARA principle (as little as reasonably acceptable) which means 
do CT scan if you need one, but if you don’t you can get information by 
other ways 

scalp haematomas in under 2-year-olds should always lead to t scan 

‘Talk and die’ phenomenon: in context of cerebral oedema 

Prognosis is worse for young (<4) vs. older than 4-year-old children. <1 
has very poor prognosis 


Cervical spine injuries: anatomical differences 


Ossification centres in the dens of C2 can be confusing because 
enlargement between the two ossification centres can appear as a 
fracture 

Unique vertebral configuration: large head, weak musculature, fulcrum at 
C2/3 (infant) and C5/6 (age 8), anterior wedging of vertebral bodies, 
horizontal orientation of facet joints > facet joints and intervertebral 
joints are orientated in the same way therefore subluxation & luxation of 
the vertebra on top of each other are common 

Ligamentous laxity: spinal column in a young child will allow 5cm of 
stretch before rupture > much more than the spinal cord can tolerate so 
kids will be prone to spinal cord injuries without any abnormalities on ct 
scan or x-ray 


Table 1 Differences in c-spine injuries and clearance in adults and children 


Adults 


Children 


Epidemiology: c-spine injury Uncommon 
Mechanism of injury RTA -occupants 
-motorcydists 

Sports/recreational injuries 
Penetrating trauma, for example, 
firearms 

immobilisation Usually easy 

Clinical assessment Usually simple 

Radiology Familiar and understood 
Interpretation easier 


SCIWORA Rore 


SGWORA, spinal cord injury without radiological abnormality. 


Rare 

RTA -pedestrian 
-occupants 

Sports/playground injuries 

Falls from height 


Often difficult 

Difficult if young 

Many normal variants. 
Ossification changes with age. 
Interpretation often difficult. 


More common 


Space between odontoid and 
arch of atlas can be up to 5 mm 
in children c.f. 2.5 mm in adults 


Soft tissues closely applied to 
vertebral bodies from C2—C5 in 


Absent lordosis is a frequent 
normal finding 


Superior and inferior facets 


A of apophyseal joints are 


exactly congruous 


Figure 1 Interpretation of lateral 
c-spine radiographs in children 

< 8 years i (Based on figure 
from APLS Manual, 3rd edn) 


adults. Varies widely with phase }—— 
of respiration in infants. > 7 mm 
opposite C2 is abnormal 


C7/T1 junction must be 
| visualised 


Anterior wedging of 
vertebral bodies is a 
developmental finding 


The four lines shown in the figure are 
1. Anterior vertebral line 
2. Posterior vertebral line (anterior wall of the spinal canal) 
3. Facet line 
- 4. Spinolaminar line (posterior wall of spinal canal) — 


All 4 lines should be smooth with no steps or angulation. The spinolaminar line remains smooth even 
in the presence of pseudosubluxation 


Common injuries in young children: 


- High injuries (C1-4) are more common in young children than adult 
children because fulcrum is higher 

- More dislocations (occipito-atlantal, atlanto-axillary) 

- SCIWORA accounts for 4.5 to 34% of all Spinal Cord Injuries 

- Higher mortality (30% versus 7%) 


Common injuries in teens and older children: 


- Lower injuries (C5-7) are more common 
- More fractures are seen 


SCIWORA: Spinal Cord Injury Without Radiological Abnormalities 


- Radiological > conventional x-rays or CT scans. Doesn’t include an MRI 
because it may show ligamentous injuries, spinal canal haematomas or 
myelopathies 

- There may be lesions at multiple levels: entire spinal column must be 
screened 

- Neurological deficit may be delayed for up to 2 days, but once it occurs > 
bad prognosis 


Management: controversial 


- Immobilization in hard collar for 12 weeks followed by 3-6 months of 
restriction of activity 

- Corticosteroids? > given within 4-6 hours may be beneficial 

- No evidence that immobilization affects recurrence rates/ligamentous 
laxity 


Prognosis: 


- Neurological status on admission 
- MRI findings 


Pitfalls in management of cervical spine injuries in child: 


- Missed injuries 

- Inadequate immobilization > difficult in child 

- Inappropriate interpretation of c-spine x-rays 

- Failure to recognize SCIWORA especially in obtunded patient 


Chest Injuries 
Common injuries in a child: rib fractures, lung contusion, pneumothorax 
Typical paediatric injury > TRAUMATIC ASPHYXIA 


- Small petechiae on face, neck, upper chest 

- Associated with thoracic injuries (58%), abdominal injuries (11%), 
fractures (34%) 

- Often transient loss of consciousness or change in mental status 

- Treatment is supportive: elevation of bed, FMO2, ECG monitoring 


Abdominal Injuries 
Common injuries: solid organ injuries like liver, spleen, kidneys 

- Hollow viscus injuries in blunt trauma: seatbelt syndrome or child abuse 
Typical paediatric injury complex: seatbelt syndrome 


- Seat belt sign - ecchymosis in path of seatbelt 

- Chance fractures of spinal cord: associated in >50% spinal cord 
transection > paraplegia 

- Intra-abdominal injuries: hollow viscus injuries, pancreatic transection 

- Vascular injuries: intraabdominal aorta, carotids if patient was wearing 
shoulder belt 


*Seatbelts are meant to sit over bony pelvis. A child that has graduated to 
seatbelt too quickly > sits over soft parts of abdomen so in MVA, the seatbelt 
digs into abdomen 


Pitfalls: 


- Failure to empty stomach with NG Tube before examination 
- When children cry a lot, they swallow air which distends stomach and 
makes it painful 


Missed injuries: remember waddle’s triad > fractured femoral shaft from 
hitting window first, intra-thoracic/intra-abdominal injuries, contralateral 
head injuries 

Exclusion of intra-abdominal injuries in children relies on: repeated 
clinical exam, FAST (Focused Abdominal Sonography Trauma) > looks at 
free fluid in the abdomen or presence of pneumothorax, CT scan for 
injuries missed on FAST, Laboratory investigations > LFTs amylase 
Indications for laparotomy in children: haemodynamic instability, 
suspicion of hollow viscus injury, delayed laparotomy does not worsen 
prognosis in children. Unnecessary laparotomy in solid organ injury 
associated with higher morbidity and mortality 


Injuries in the growing skeleton 


Long bones: *remember, paediatric bones are resilient 


3 types of long bone fractures based on how much of the cortices are 
involved 

Buckling of one cortex = BUCKLE/TORUS FRACTURE. Have high 
association with child abuse 

If one cortex is broken and other is buckled = GREENSTICK FRACTURE. 
Most common in kids 

Both cortices broken = COMPLETE FRACTURE. Seen in adults 


Growth Plate injuries: 


EPIPHYSEAL INJURIES 


triangular 
fragment 


epiphyseal 
plate 


The epiphysis slips off The fracture line runs The fracture line 
the end of the shaft across the epiphyseal runs from the 
There is no fracture. plate and out joint surface. 


through the shaft. 


E 
O ~ 


Pressure injuries angulation 
the epiphyseal plate later 


Epiphysis and angulation 
shaft split later 


I & II: Articular surface is intact, and be managed by GP 

III & IV: Articular surface is broken, Need urgent referral to orthopaedic 
surgeon 

V: when growth plate is crushed 

Epiphyseal Avulsions: growth plates are usually weakened. Diagnose by taking 
x-rays of both joints and comparing. Typical sports field injury 

Typical paediatric injuries 


- Physeal injuries 

- Supracondylar humerus fractures since its super thin, assoc. with soft 
tissue blood loss leading to vessel obstruction 

- Radial head dislocation (pulling child by elbow) 

- Tillaux and triplane fractures of the ankle 


Pitfalls 


Missing child abuse, missing epiphyseal avulsions, missing vascular 
injuries 


CAVE: Child Abuse 
Consider Child Abuse if: 


Inappropriate delay in seeking help for serious injuries 

Discrepancies in medical history by various people 

Risk factors: single mother, social isolation, substance abuse; young boy 
with disability or mental disorder such as ADHD 

High-risk injuries: 


m 


m 


CDO O 


Subdural hematomas in infants and toddlers specifically those who 
don’t walk yet 


Rib fractures in children 0-3 years old, especially if multiple an in 
absence of major trauma 


Sudden death in child with rib fractures 
Hollow viscus injury in the absence of traffic injury 
Spiral fractures of the long bones (becoming controversial now) 


Any of the following burns: stock and glove pattern of the 
extremities, donut burn of the buttocks, contact burns including 
cigarette burns 


DO: document in detail with photographs, report to social worker/police 
DO NOT ask leading questions (questions that you ask with yes/no) - they 
must tell the story 


What makes children’s bones different? 


- Growth plates: susceptible to injury > children’s ligaments are stronger 
than the growth plates. Where adults sustain dislocations and ligament 
injuries, children sustain growth plate fractures 

- Elastic: bones can bend without breaking so they’re susceptible to 
greenstick fractures and buckle fractures 

- Remodelling: children have remarkable to remodel deformities. They 
young the patient is and the closer the deformity is to the growth plate, 
the better the remodelling potential. This potential decreases with age 


Salter-Harris Classification for growth plate fractures 


Salter Harris Physeal Injury Classification 


Type Population Features 


I Younger Children Separation through the physis S Straight through 
x , F Above 
Il Older Children (75%) Fracture through a portion of the physis that extends through the metaphyses 
L Lower 
il Older Children (75%) Fracture line goes below the physis through the epiphysis, and into the joint T Through v 
pa 
Iv Fracture Line through the metaphysis, physis and epiphysis t 
R Crush — 
Oo 
o 
v Compression fracture of the growth plate a 
http://www.jaaos.org/content/10/5/345/F1.large.jpg 33 8 


- Type II is most common type. With increasing age, increases the risk of 
growth arrest 
- Difficult to identify type V on x-ray 


Greenstick Fracture 


- Bone deforms without breaking completely due to elasticity and thick 
periosteum that keeps bone ends together 

- Even though they are not 100% displaced, there may still be significant 
deformity requiring reduction 


Buckle Fractures 


- Occurs when one cortex buckles in compression with no loss of continuity 
or deformity 

- These can invariably be treated with simple immobilization & doesn’t 
need specialist referral 

- Use simple backslab that can be removed at home by parent in order to 
avoid unnecessary visits to clinic 


Remodelling a Fracture 


Picture 1: fracture that has healed but with a significant apex volar deformity 
picture 2 (after 3 months): deformity has decreased 
picture 3 (after 9 months): no deformity to be seen 


1. C-Spine 

- Relatively uncommon in children and result from high energy trauma 
e.g., MVA or PVA 

- In younger kids, pseudo-subluxation of C2/3 occurs and can be confused 
with a true subluxation 

- In order to distinguish from true subluxation, we use Swischuk’s rule: 

e Draw a line from anterior aspect of posterior arch of C1 to the anterior 
aspect of the posterior arch of C3 

e The anterior aspect of the posterior arch of C2 should be within 2mm of 
this line 

e Ifit is deviated > 2mm, this may indicate true subluxation 


2. Clavicle Fractures 

- Most common fractures in children** 

- Caused by fall on outstretched arm or fall on shoulder 

- Management: immobilization in a collar and cuff regardless of 
displacement or angulation of these fractures 

- Surgery: only indicated in open fractures or if skin is threatened 


3. Humerus Fractures 

- Significant deformity can be accepted due to remodelling potential of 
humerus and mobility of shoulder joint that can compensate for 
significant deformity 

- Can be treated conservatively 

- Immobilization in a U-Slab is sufficient for most proximal humerus and 
shaft fractures 

- Put extra collar around patient’s chest to prevent slippage of the U-slab 


4. NAI (Non-accidental Injury) 

- Transverse humerus fractures in infants and non-walkers are very 
suspicious of NAI 

- Distal humerus physeal separation is associated with NAI in >50% of 
cases 

- NB: The abnormal relations of the elbow bones (ulnar and humerus) in 
the bottom picture > looks like a dislocation but is actually a physeal 
separation of distal humerus 


5. Paediatric Elbow Fractures 
- Challenge to treat and diagnose because of multiple ossification centres 
around elbow which can be confusing 


e Capitellum 1-2y 

e Radial head 3-4y 

e Internal/Medial epicondyle 5-6y 
e Trochlea 7-8y 

e Olecranon 9-10y 


External/Lateral Epicondyle 11-12y 
- Important to understand normal anatomy 
- Use CRITOE to distinguish fractures from ossification centres 


6. Supracondylar Fractures 
- Most common type of paediatric elbow fracture 


- Weak spot above the humerul condyles at the level of the olecranon and 
coronoid fossae meeting. In this area, bone is paper thin and with a fall 
and outstretched arm, the olecranon impinges into the olecranon fossa, 
causes a fulcrum and results in breakage of the humerus 

- Gartland classification: 


be te te 


Type | Type ll Type III 


Type II A | Intact posterior cortex, hinged in 
extension. No rotation or translation. 


Type II B | Intact posterior cortex, hinged in 
extension, with some degree of 
rotational displacement or translation. 


Type III | Complete displacement. 


Grade I: undisplaced, fracture line often not visible on x-rays. Anterior and 
posterior fat pad signs indicative of blood in joint. May also indicate effusion 
which can be pus or exudate. Management: immobilization in an above-elbow 
backslab for 3 weeks. Don’t need surgical intervention. NB: never apply a full 
circular cast for an elbow fracture in a child because the significant swelling 
increases risk of compartment syndrome. If the fracture is unstable, fixation is 
indicated 


Grade II: posterior hinge of humerus is intact but posterior angulation and 
displacement is present. Extension deformity is present in x-ray. Fractures 
should be reduced if the anterior humeral line does not cross the capitellum. 
Extension malunion leads to loss of elbow flexion 


Grade III: Orthopaedic emergencies. Significant displacement, swelling and 
damage to vascular structures around the elbow may cause compartment 
syndrome. High risk of neurovascular injury. Median nerve and brachial artery 
most common. Needs urgent reduction and fixation in theatre. 


Fixation of supracondylar fractures: 


- Use of percutaneous KYs 


Fixation of supracondylar fractures 


7. Lateral condyle Fractures 
- Second commonest fractures in children 


- Easily missed because they are so subtle so look out for them 

- Requires reduction and fixation if > 2mm displaced 

- Its an intra-articular fracture and a malunion will lead to elbow 
dysfunction 

- Risk of secondary displacement due to extensor mass attachment to 
fragment 


8. Dislocations & Medial Epicondyle Avulsions 


- Occur infrequently in kids. Should be reduced immediately once 
identified 

- Steps to reduction: 

e Document the neurovascular exam since similar to grade III 
supracondylar fractures, there’s a high risk of medial nerve and brachial 
artery injury 

e Provide sedation and analgesia prior to reduction 

e 2 people are involved 

e Apply longitudinal traction in line with the elbow for 3-5min to relax the 
muscles and soft tissue around the joint 

e Elbow flexion with downward pressure on distal humerus 

e Immobilise in above elbow backslab 

e Do control x-rays 


- Medial epicondyle is usually avulsed during dislocation 

- After reduction, actively exclude incarceration of medial epicondyle in the 
joint. If identified on x-ray, refer 

- Management: conservative regardless of displacement 


9. Forearm Fractures 

- Common, wide range between buckle, greenstick, and displaced fractures 
to open fractures 

- Management: reduction and immobilisation in a cast 

- Fractures are often unstable and adequate reduction can not be achieved 
by closed means, so surgery is indicated, however unlike in adults, we 
don’t operate on all radial and ulnar fractures in children 

- Monteggia and Galeazzi fractures: 

e GRUM: Galeazzi Radius Ulnar Monteggia 

e Monteggia: fracture of ulnar with dislocation of radius 

e Galeazzi: less common, displaced radius fracture with distal ulnar 
dislocation 


Acceptable Deformity 


Acceptable deformity 


Distal forearm 25: 
Mid- and proximal forearm 15° 
Rotation 0° 


Shortening 1cm 


II = @ 15:40 /26:02 


- Bone remodelling potential is high distally so that’s why we accept more 
deformity 

- Issue with malunions of radius and ulnar is loss of pronation and 
supination 


Reduction of Radius/Ulnar fracture 


Reduction 


- Interosseous moulding: pinching across interosseous membrane in order 
to restore radial bone 


10.Femur Fractures 

- Mostly secondary to fall from height 

- MVA & PVA also common in adults 

- These in non-walkers are suspicious of NAI 


Treatment: conservatively 


- Infants: Pavlik harness that immobilises femur. Can heal in <2weeks 

- <12kg: gallows traction 

- >12kg: Spica cast 

- Too big for spica or in cases of polytrauma: balanced traction, plate ORIF, 
intramedullary nailing 


Pavlik harness 


Hip spica 


Balanced traction 


Intramedullary nailing using 
flexible nails, spares the growth 
plates. 


Balanced traction: patients are usually immobilised for 3-6weeks. The younger 
they are, the less time they need for fracture to heal 


IM Nailing: spares growth plate, nails are removed. In heavier teens, these nails 
are not strong enough to support femur so standard intramedullary nailing used 
for adults is indicated 


11.Fractures around the Knee 


Susceptible to fractures at distal femur physeas and proximal tibial 
physeas, Tibial tuberosity hypophysis and tibial eminence 

Distal femur growth plate fractures: due to shape of growth plate of 
femur, which is undulating instead of flat, the risk of growth arrest in 
much high as compared to rest of body so monitor kids following healing 
Fractures can be reduced and fixed in standard manners using plaster of 
Paris, KYs, open fixation, but once fixed the patient should be followed for 
at least 2 years to ensure no growth arrest 

In case of growth arrest, those will be managed based on deformity 
management principles 

Tibial eminence fractures: easily missed. children seldom sustain ACL 
ruptures, but same mechanism of injury applies as for adult ACL ruptures 
but here, the tibial eminence is involved where ACL inserts. Children with 
fall, hemarthrosis or injury to knee have to be examined for tibial 
eminence fracture. If these occur with type 1 or 2 fractures > fixed in 
long leg plaster with knee in extension. If fracture doesn’t reduce with 
extension > surgery is indicated 


12.Cozen Fractures 


Child sustains metaphyseal or proximal tibial fracture, sometimes 
involving fibular as well. Once healing has taken place, patient slowly 
develops valgus deformity 

Monitor kids: if it recurs and does not resolve spontaneously in 18 
months > surgery indicated 


13.Gillespie fractures 


Distal tibial fractures, if you apply cast or backslab while leg is 
dorsiflexed, you prone to developing recurvatum deformity > bends 
towards back 

Cast should be applied with ankle in equines to prevent deformity 
Cast can be wedged or changed to allow more dorsiflexion after 2-3 
weeks 


14.Ankle fractures 


Grade III salter Harris grading of medial malleolus 

Managed based on merits 

Reduce fractures, provide adequate fixation or immobilization in a cast 
Growth arrest following distal tibial fractures occur less commonly 


Slide 1-Cover (acute wounds) 

*In this session, we will look at wounds caused by trauma 

*What we're going to look at here in terms of the secondary survey is the 
classification of wounds and how to manage them with some basic principles 
around modern wound care 

*If you remember nothing else from this session, you should remember that the 
acronym TIME, which stands for Tissue management, Inflammation and 
infection control, Moisture balance and Epithelial or wound edge 
advancement 

*The issue here is that for tissue to survive and heal, it requires debridement of 
dead tissue, prevention of infection and at the same time modification of 
inflammation so that you get good inflammation for healing, which you maintain 
an adequate water and fluid balance so that the wound is not soggy but at the 
same time not dried out 

*And yet this enables the epithelial surfaces that come together, And remember 
always wounds, heal from side to side rather than end to end 

*Minor wounds are sub-classified as abrasions, contusions, lacerations, 
and minor avulsions 

*You as a healthcare practitioner will see a lot of these in your clinic rotations, 
in your district hospital rotations and in your everyday practice, both as a GP or 
as a medical officer or registrar. 


Slide 2-Basic management 

*Includes wound cleaning & tap water has been shown to be more than 
adequate if it is from a clean and healthy source 

*If you're going to use an antiseptic, currently, chlorhexidine has the least 
resistance amongst the bacteria and should be your solution of choice 
*Importantly, patients with wounds need to be checked as to whether they are 
current with their tetanus toxoid booster or whether or not they're at risk of 
tetanus, in which case it should be considered to administer tetanus immune 
globulin - Their immunization status will guide you. 

*And importantly, the closure of the wound is based on appropriate timing 
*Primary closure can be done for minor wounds or wounds that are clean with 
limited contamination and where the patient has present presented early 

*If the wound is dirty and requiring debridement or if the wound surface is such 
that you will have to suture it under tension, then it is better to place dressings 
on the wound and allow for secondary healing 

*On the other hand, some wounds once they cleaned up, can undergo delayed 
repair with sutures after 24 or 48 hours 


Slide 3-Image of face 

*Seen is a superficial abrasion caused by the face sliding against the tarred 
surface of a road so called ‘ROAD ROASTIES’ 

*The important aspect here is that the epidermal layer has been abraded off and 
the underlying skin cells will heal through the hair follicle evolution & by 
progressing up hair follicles and spreading across the surface 

*So by preventing sepsis, this we should heal fairly rapidly within 21 days 


Slide 4-Image of contusion/bruise 
*This wound is a contusion, otherwise known as a bruise 


*The important aspect here is to see that they are different colours of 
pigmentation throughout the wound 

*While it does not imply any major injury on its own, one must keep in mind that 
bruising and contusions in the vicinity of vascular structures, may indicate an 
underlying vascular injury that should be examined for 

*More importantly, contusions heal through the breakdown of the blood that 
has been extravasated 

*Initially they will be bright red, eventually going dark red > blue > purple, 
and eventually brownie black and then yellow > green 

*And what is happening here is that the heme pigment is breaking down from 
haemoglobin > bilirubin -> biliverdin, which is French for green and eventually 
is resorbed 

*The importance in a medico-legal context is the age of the bruise therefore, if 
you see patients with multiple bruises of different ages, one has to consider 
underlying coagulation disorders or possibly episodes of abuse. 


Slide 5-Image 

*Superficial laceration where the edges are not smooth & that the tissue is 
contused and mucky 

*The best way to manage these wounds is through topical wound care and 
allowing them to heal by secondary intention through granulation 

*Suturing these wounds is likely to end up with ugly scarring, not to mention 
the risk of infection. 


Slide 6-Image of belly 

*An abrasion and contusion over the abdomen & this is what a tyre mark across 
the abdomen looks like 

*It implies a very significant retroperitoneal bleeding & this should indicate 
caution regarding possible pancreas or kidney injuries. 


Slide 7-Image of clean sutured wound on day 3 

*Superficial wound that has been sutured on the patient's back. It is day three 
post the wound. 

*Importantly, you can see there is inflammatory changes with little bits of 
redness around each of the suture holes - This is the normal healing process 
*If that redness was >2cm away from the edge of the wound and around the 
suture holes, then one would be worried about cellulitis or infection 

*The wound is clean and dry and there's no exudate emerging from the centre 
of the wind 

*This is a normal healing wound and does not require antimicrobials. 


Slide 8-Image of chest and belly with electrodes 

*An abrasion which suggests other injuries and this patient has an abrasion 
over their chest wall 

*This patient was a passenger in the front seat in a motor vehicle crash & you 
can see, there is a significant seatbelts scar 

*The 3 points to learn from this slide is: 

*1 - state that the wound itself may undergo a full thickness necrosis and may 
require a skin graft 

*2 - that these wounds imply high energy transfer 

*3 - one must be aware of the possibility of liver, pancreas, duodenum or spleen 
injury, given the point of impact visible in the centre of the upper abdomen 


Slide 9-Finger avulsion injury 

*Finger injuries and minor avulsions are very common, particularly in children 
*But in this case, the patient got their finger into a cutting tool and the tips have 
been avulsed. Control haemorrhage, provide wound care, and the topical 
treatments 

*They may be a place for suturing, in the case of some of these wounds 

*But particularly the finger on the right, but the finger on the left will probably 
require debridement and formalization of amputation 

*This is fairly common with baby finger/pinkie finger injuries in children where 
they avulse the nail bed by getting the finger caught in a door 


Slide 10- Wounds from Bite/stings and nasty things 

*The wounds as a result of bites and stings 

*Bites and stings and things can also cause significant tissue necrosis 

*The same hand is shown here with the spider bite from the Luxor cell spider on 
day 1 and then again on day 7 

*The patient has undergone significant skin necrosis and surrounding cellulitis 
as a result of not taking the antidote for the spider bite, which is known as 


dapsone 


Slide 11-Human Bites 

*Most human bites occur in the scenario of either sexual assault or revenge 
attacks 

*They most commonly associated with the need for forensic documentation, as 
demonstrated in the RHS picture 

*And this is important from the practical point of forensic dentistry, where they 
can utilize mouth imprints and make a bite mark with a biter & therefore 
leading to successful prosecution 


Slide 12-Human bite wounds and Bacteria in Human Bite wounds 

*And bites are not without risk as a matter of fact, the human mouth is probably 
dirtier than the mouth of some animals 

*Up to 40% of the organisms living in one's mouth are beta lactamase 
producing and therefore resistant to basic antimicrobials 

*One will have to use Augmentin as a baseline and may even have to escalate 
*Anaerobes are surprisingly common, although they are more and more likely 
associated with the colon 

*Most of the bites occur on the hand, arms, head, and neck area with a small 
percentage on the trunk and other sites like lower limbs 


Slide 13-Image of leg - Dog Bites 

*The risk additionally with dog bites is obviously the need for rabies prophylaxis 
*The rule with dog bites, is unless there is a need for haemorrhage control and 
tissue approximation around the face and neck area, dog bites should be left 
unsutured and allowed to granulate by secondary intention 


Slide 14-Scorpion stings 

*In KZN the majority are dangerous scorpions are not found here 

*And while we have some very pretty scorpions, the ones with the big tails on 
the big sting is, and the small, small close are found primarily to the west of a 
line drawn through Bloemfontein or in a small patch of the Kruger National 
Park 


*These are of the species PARABUTHUS and are often found in the wheat fields 
around the Western Cape 

*In the case of children, they can inflict a toxic sting that is deadly 

*In the case of adults, it is very painful & the important take-home message is 
that the treatment includes the intravenous administration of calcium as an 
antidote to the toxin 


Slide 15-Bee sting 

*We've learned recently about anaphylaxis and bee stings can cause 
anaphylaxis 

*But more importantly, is you as a general practitioner, will often be consulted 
about people who've had bee stings who are not allergic & they may come to 
you Saying, well, please help me remove the bee sting 

*Please note that you should not pull out a bee sting with the use of a forceps 
*Rather take a scalpel blade or is, or a knife as shown in the photograph there, 
sliding this almost parallel with the skin and hooking out the stinger (almost like 
taking a hammer with a claw and lifting up a nail) 

*The reason for this is if you grab the stinger with a forceps, you will force the 
residual toxins into the patient 


Slide 16-Major wound classification 

*Major wounds consist of lacerations and incisions, puncture wounds, 
Degloving, major avulsions or partial amputations, and crush injury (also 
discussed in ICU section) 


Slide 17-Image of Slash laceration face 

*Here you see a Slash laceration of the face, very common in people who get 
smacked with broken glass bottles 

*These are usually quite easy to wash out 

*The haemostasis is required 

*Obviously with the face, one has to make sure that the lacrimal duct is not 
injured (which runs from the medial part of the eye to the, to the nasal cavity) 
*Other than that, haemostasis and suturing preferably by a plastic surgeon 
would be required 


Slide 18-Image of Blunt laceration/contusion, with skull fracture 

*In the case of blunt lacerations, one must be aware of the associated injuries 
*Here you can see a blunt laceration that is as a result of a brick to the forehead 
& this young lady unfortunately was also raped 

*She has a frontal skull fracture, which obviously requires antimicrobial 
coverage 

*Fortunately, she made a very good recovery 


Slide 19-Image of serrated laceration 

*This patient has a slash laceration across the face that involves the medial 
upper lip as well as stretching almost to the lobe of the ear 

*The concern here would be other anatomical structures that are injured 

*So while it's important to approximate the lip correctly (philtrum to philtrum, 
vermillion to vermillion and suture it in layers), it's also important to be 
concerned about something like the parotid duct which may be injured 

*you must follow these patients up and they need to come back for a check to 
make sure that they are not sitting with a salivary fistula 


Slide 20-Image of stab laceration with evisceration 

*Here you see another slash laceration of the back 

*and uncommonly, this patient presents as well with an evisceration of large 
bowel via the wound 

*This patient requires more than just wound care and a laparotomy was 
performed 


Slide 21-Images of incision vs. laceration 

*The incision has fairly clean edges, it gapes a lot less than a laceration which 
you see on the R 

*in the R photograph shows you that the edges are not meet, they don't bleed as 
much and they're more likely to have tissue loss & therefore more likely to 
require debridement 

*By converting a laceration to an incision, one can often primarily suture these 


Slide 22-Image of clean surgical incision 

*example of a surgical incision on the neck where a repair of a carotid artery 
injury was performed & this is prior to closure of the wound 

*You can see the nice edges which ooze & this will allow for good wound 
healing once it's sutured up and approximate 


Slide 23-Puncture 

*Puncture wounds can be caused by nails, bullets, or other long sharp 
instruments such as sharpened bicycle spokes 

*Once again, these have a long internal tract potentially and a fairly small 
wound on the skin 

*The advice is to not suture these unless they are actively bleeding & if they are 
actively bleeding, to undertake urgent surgical intervention to stop the 
underline bleeding 

*In the case of this set of wounds, the one wound from this bullet was on the 
thigh & the other wound appears to be an exit wound because it's somewhat 
exophytic and below the knee 

*This patient had a pulseless limb & the important point here is to remember 
that skin wounds may be markers of underlying injury, such as nerve or 
vascular injury. 


Slide 24-Image of Bullet entry and exit wounds 

*Here are some more bullet wounds: the ones on the L being fairly close range 
and the one on the R illustrating a point about investigations 

*If you have a bullet wound in the middle of a limb with an exit wound at the 
same point on the opposite side of the limb and no pulse - there is no point in 
doing a vascular imaging 

*Rather one should go and explore the vessel and repair the vascular injury. 


Slide 25-Image - gunshot exit wound head 

*Exit wounds often take other tissue with it 

*Here you see an exit wound to the head in a patient who unfortunately was 
brain dead, but the family were willing to allow organ donation & this patient 
was being prepared for organ harvest. 


Slide 26-Granulation of old bullet wounds 
*Bullet wounds heal by secondary intention - they granulate that prevents 


sepsis from occurring 
*And here you see the multiple holes in a typical Cape Town gangster 


Slide 27-Degloving cover slide 
*Degloving is exactly what it says - the skin has taken off, like a glove or a sock 


Slide 28-Image of foot (Degloving of foot) 
*And the degloving are quite small 


Slide 29-Image of extensive degloving 

*Others are very extensive 

*Here you see the full leg degloving of this unfortunate patient who was in a 
collision with an 18 wheeler and his entire skin of the lower leg/lower limb was 
degloved 

*Fortunately, the skin itself was in reasonably good condition 

*We harvested the full thickness skin off, removed the underlying fat, Re- 
approximated the skin through your skin grafting technique & most of it was 
able to take 


Slide 30-Major avulsions cover slide 
*major avulsions occur when there is skin, muscle and burn injuries 
*These are in effect, a degree of a partial amputation 


Slide 31-Partial amputation below the knee 
*Below the knee, a partial amputation of the foot and ankle 


Side 32-Partial avulsion/near amputation 
*More proximal injury with a significant bone-knee injury 
*This is what happens when you try and beat the train across the railway lines 


Slide 33-Avulsion femur/pelvis 

*Post-mortem photograph of lady who aarrived at the emergency department 
with CPR in progress 

*The femur that you see here, the bit attached to her is the knee 

*The bit that's hanging on the bed is actually a proximal thigh, So it's 
completely avulsed 

*She was the backseat rider on a motorcycle, that hit a concrete bridge at 
around about 270km/hr. She was dead on arrival. She'd also eviscerate her 
small bowel through her vagina 

*Her partner who was riding the cycle was picked up in seven pieces at the 
scene 


Slide 34-Crush injuries cover slide 

*Crush injuries are fairly common in the South African environment 

*We see a lot of them as a result of entrapments, but we also see a significant 
amount of crush injuries as a result of community justice, the so-called 
‘sjambok’ injuries 


Slide 35-Shotgun compartment syndrome, fasciotomy 

*Here you see a compartment syndrome as a result of blunt crush of the 
superficial tissues by a shotgun 

*A shotgun works by having multiple pellets that spread over vast area & asa 
result of this caused diffuse tissue damage 


*And in the case of this patient, muscle swelling > causing a compartment 
syndrome. 


Slide 36-Crush injury 

*Here, a patient had his arm entrapped under a tyre 

*You can see in the tyre marks, and this has been a prolonged entrapment 
*Once again, the arm itself may have injuries such as fractures or soft tissue 
injury 

*But during the release phase, re-perfusion can occur, and the patient may 
suffer kidney injuries or so called crush syndrome (ICU module) 


Slide 37- Crush injury - sjambok assault 

*Here you see a case of sjambok assault 

*Diffuse repeated beatings with either a sjambok, rubber whip, or pieces of 
wood sometimes with stones. 

*And these patients, although they don't have an ischemia reperfusion, they still 
develop acute kidney injury and may require dialysis. 


Slide 38-Big haematoma - Vascular injury 

*Once again, if you see a contusion under the skin with an associated big 
hematoma, please be aware of the possibility that there might be a vascular 
injury underlying 

*This patient had pseudo-aneurysm of the subclavian artery when imaging was 
performed 


Slide 39-Foreign body 

*Some foreign bodies are small and easily removed 

*One would cut off the head end of the nail and pull the nail through 
*Obviously, covering with antimicrobials and tetanus toxoid. 


Slide 40-Forign body (2) 

*Some foreign bodies are a bit more difficult 

*This patient walked into the hospital saying Dr. I can't see straight at the 
moment, and somebody tried to stab me - an okapi blade sitting in his face 
*Fortunately for him at missed all the vital structures that were sitting between 
the eye and the orbit, and the nose bone & was remove by the ophthalmologists 
and maxillofacial surgeons and he went home three days later 


Slide 41-Foreign Body - Zone 2 attack 
*All he was prepared to tell us was that he lost an argument with his wife, say 
no more 


Slide 42-Impailent: combined blunt/penetration 

*This patient was unfortunate enough to have a bit of a pain in the bum 
*This pain in the bum was caused by crashing his minibus taxi into a bridge 
railing that went through the front of the minibus taxi, through his buttock, 
through the chair behind him and through the following rack of chairs 
*Fortunately, there being no passengers at the time 

*he was cut out of his vehicle, flown to Tygerburg Hospital and the piece of 
metal was removed under surgical guidance 

*Fortunately for him, it only caused a laceration or these gluteus maximus 
muscle 

*He did not want to lie flat on his back in the helicopter 


Slide 43-Wound sepsis 
*We classify wounds as either: 


e Clean (a surgical wound that is cut by us and cleaned before incision), 

e Clean contaminated (such as a patient presenting with a wound from 
outside the hospital or a wound that we make as surgeons that involves 
the aero digestive tract - this is a wound that is colonized with normal 
flora and prophylactic antimicrobials will prevent normal flora from 
Causing sepsis), 

¢ Contaminated wounds are where there is delayed presentation, and the 
wound is already contaminated with gut contents or with significant 
ground contamination - But this is washably clean. Most of these patients 
will require a prolonged course of antimicrobials, namely a therapeutic 
course, which means three to five days of antibiotics. No antibiotics 
should be administered beyond five days > if they're not showing a 
response at that point, the patient is probably sitting with resistant 
organisms, AND FINALLY 

e Dirty wounds, are those who are infected or septic such as where there 
is pus or necrotizing fasciitis already present 


Slide 44-Clean Guillotine amputation 

*Here we see a clean surgical wound - two of the patient’s arms are tattooed 
and actually says ‘the end’ 

*Unfortunately, it was the end for this arm which was shot through and 
presented very delayed with a dead arm after a vascular injury. 


Slide 45-Skin grafted wound and donor site 

*Here you see another patient with a gunshot wound and a vascular injury 
*This is down the line after repair. You can see he's had a skin graft on his 
fasciotomy site 

*The skin graft donor site looking nice and clean at the top on the right & the 
fasciotomy with a skin graft - that is healing on the lower half of the 
photograph. 


Slide 46-Contaminated wound with ischemia 

*This looks fluffy, it's falling apart, the vessels are coagulated, the wound is 
peeling apart 

*This is an ischemic infected wound that requires significant wound 
debridement 


Slide 47-Image of forearm - cellulitis and lymphangitis 

*Here is an example of spreading cellulitis and lymphangitis 

*the little black mark indicating the insect bite, the red line indicating the 
cellulitis around the wound & the red line stretching up the arm where there's 
lymphangitis most likely as a result of Streptococcus infection 


Slide 48-Cellulitis 
*Cellulitis, primarily caused by streptococci, is a spreading subcutaneous 
infection that runs in the epidermal layer 


Slide 49-Necrotising fasciitis 
*Compare necrotizing fasciitis, where it is a mixed infection of streptococci that 
can produce gas along with anaerobic organisms 


*And this is a spreading infection on the deep tissue planes of the fascia 

*The problem is the skin may look fairly normal but if you place your fingers on 
the skin, you will feel surgical emphysema (a crackly sensation under the skin) 
> That is the marker of necrotizing fasciitis 

*The difference in treatment between necrotizing fasciitis and cellulitis is 
significant: 

*The latter requiring extensive surgical debridement and aggressively so as 
compared to cellulitis where the primary treatment is none surgical and the use 
of IV antimicrobials 


Slide 50-Septic head wound drains pus 

*staphylococcus aureus, Aureus being gold, is the classic cause of abscesses 
*And here you can see a scalp abscess that's been drained and draining this 
classic yellow gold pus 

*This was a patient who is stabbed on his head with a glass bottle, & it was 
repaired, but unfortunately developed a scalp abscess which was drained 


Slide 51-Drainge septic haematoma 

*Here is another example of an abscess, this time in the flank around a stab 
wound that's been extended & once again as being cleaned out here as a 
bedside procedure 

*Most wound care can be done as a bedside procedure and does not require 
operative transfer to the anaesthetic environment in the operating room 


Slide 52-Negative pressure dressings (VAC) 

*The greatest revolution in the management of superficial wounds has been the 
development of negative pressure dressings or VAC therapy (vacuum assisted 
closure) 

*It uses negative pressure induced by a suction device to reduce swelling, 
stimulate granulation tissues, stimulate the ingrowth of new blood vessels, and 
allows the development of a healthy tissue bed 

*There are numerous publications now showing that the negative pressure 
concept is associated with better wound healing 

*It removes slough and infective material & fortunately for us, we can make our 
own, but there are commercial devices available which actually enable the 
patient to go and be treated at home 


Slide 53-Scalp injury 

*Here is an example of a patient who had a scalp injury with loss of scalp but 
there's also exposed bone (green arrow) 

*After one week on VAC therapy, you can see the epithelisation has taken place 
around the edges and the wound bed is smaller and nicely granulated in 
enabling us to place the skin graft on this area with good healing 


Slide 54- VAC dressing 

*Here is another example of a vac dressing in process 

*You can see it uses an occlusive sticky plastic over a sponge rubber that 
contains a suction catheter and is connected to wall suction 


Slide 55-Wound of the thigh 
*Here a wound of the thigh has been covered & this is the same wound 
*Before, you can see it's mucky and fluffy and glistening & quite large compared 


to after the vacuum assisted closure where there is a nice granulation tissue & 
now the patient can undergo skin grafting and discharge 


Slide 3-Introduction 

*We're going to look at what we mean by a trauma system. What is damage 
control and how we perform damage control? What I as a trauma surgeon 
would do, where the orthopaedic surgeon fits into all of this because injured 
patients might have broken bones. And finally, what about the other disciplines 
involved in the care of the trauma patient? 


Slide 4 - What is a Trauma System? 

*A Trauma system is an organized system that approaches the care of trauma in 
a given geographic region, such as in our case, the KwaZulu-Natal province. It 
involves pre-hospital care, the hospital emergency centre, which unfortunately 
still sits with the title of ‘casualty’ in many of our hospitals in this province, as 
well as hospital definitive care. 

*But there's a great emphasis on the fact that, that the system of care includes 
prevention, and this is where each and every doctor and healthcare provider 
has a role in reducing the trauma rate 

*It is anon-communicable disease that can be prevented. 

*One of the reasons why we prefer not to talk about accidents, because 
accidents are by definition unpreventable and unpredictable - Not so with 
trauma 

*it also has a growing emphasis on rehabilitation care which we have previously 
mentioned to you, is in short supply in KZN and in South Africa in general 
*And then also audit and quality improvement. It's very important to understand 
what we do, why we do it, how we do it, and whether or not we are actually 
doing it, right 

*It's like a big pyramid: Injury prevention and education is the base, Pre- 
hospital care reaches out to the patient where they are, The level 2 and 3 units 
which are found in your district and regional hospitals will provide initial 
resuscitation and then transfer of those patients that require critical care to 
level 1 trauma units such as existed King Edward, IALCH, Greys & Edendale 
hospitals. 

*There is a need in this province for a number of level one trauma centres & it 
would be advisable for Ngwelezane, Port Shepstone & Madadeni also to be 
uplifted to this level of care. 

*Importantly, there is a role for the designated trauma intensive care for these 
patients because it has been shown that trauma care is improved when 
intensive care is led by trauma surgeons 

*The opposite end of the spectrum is rehabilitation and reintegration of the 
patient into their home life and into their work environment. 


Slide 5 - Trauma systems need? 

*For trauma systems to work, we need public awareness. 

*It's pointless for patients to all flood to the large trauma centres with minor 
injuries, then your serious patients are going to get neglected and there will be 
no improvement in outcome. *Additionally, there needs to be professional buy-in 
> We, as health care practitioners, must be of sufficient humility to say ‘this 
patient requires care that I cannot provide and therefore I am transferring the 
patient’ 


*There is a need for protocol to practice. The protocol that we follow is largely 
ATLS combined with so-called DSTC for the operative care of trauma 
*Purposeful governance: And this is where the audit and quality assurance 
come in. We need to check ourselves at all points and determine whether we 
are doing what we need to do, and whether we are doing it correctly 


Slide 6 - Clinical Advances 

*In addition to all of this over the last 15 or 20 years, there's been a recognition 
that in the primary survey, surgery may actually be part of the B or the C 
management of a patient before you even get to secondary survey 
*Additionally, maintaining Airways with alternative devices, such as laryngeal 
masks have become acceptable 

* It is now no longer essential to intubate with a cuffed endotracheal tube if 
you're unable to do so and thus delay transfer to care 

*The most important aspect is compelling bleeding control. Stop the Bleed is 
the catchphrase. 

*Limit crystalloid (no more than two litres preferably) 

*following a system of care such as ATLS 

*And then remembering that Mr. Murphy hangs around every corner, therefore, 
recheck, recheck, and check again using a concept called the ‘tertiary survey’. 


Slide 7 - World map: Why is this important 

*Additionally, you need to be asking yourself why this is relevant for us in Africa 
and in South Africa. 

*Well, the map kind of says it all. The green and blue areas are high-income 
countries and higher income countries. 

*And you will notice that South Africa, Botswana, and Libya are really the only 
countries in Africa that are not in the other colours, the purple and the red (the 
lower and low-income countries) 

*Most of Africa is in that environment. You will notice that India and the Indian 
sub-continent is also largely in that category. 

*And this is where 90% of the trauma in the world takes place with significant 
deaths compared to the high-income countries. 


Slide 8 - History 

*Now onto damage control 

*As usual & I'm sure you've realized, my interested in history and particularly 
World War history comes to the fore here 

*Because damage control was a term that came about in World War II 

*It was the concept that enabled a ship to sustained battle damage and yet 
maintain mission integrity. *On the left-hand side, you see a crew on a US 
carrier 

*Whereas on the right hand side you see the battle damage on the USS 
Yorktown at the Battle of Midway 

*The ability to continue fighting and launching their aircraft at the Battle of 
Midway enabled the Yorktown to continue fighting, thinking the Japanese Navy 
and turning the tide of war, thus enabling us to speak English, Zulu, Afrikaans 
in this country and not Japanese or German 

*It really is a case of ‘there's nothing new under the sun’ as Solomon writes in 


Ecclesiastes, it's just how we use it that differs 


Slide 9 - Some holes are just a touch bigger! 

*In this case, the holes are a little bit bigger 

*This is the USS Cole, a pirate Chaser in the Gulf of Aden on the east coast of 
Africa where they were fighting the Somalia pirates 

*And what happened was the Somalian pirates loaded a rigid inflatable with 
explosives and rammed the USS Cole. 

*But as you can see, and the size of the hole is indeed similar to that of a man - 
That the tip is still flirting. 

*And that's because of the damage control philosophies 


Slide 10 - History continued 

*What happened in 1983 is that Harlan Stone described this concept of 
abbreviated laparoscopy - not doing all the surgery in one go but doing it in 
stages and showed that the outcome in trauma patients was better 

*One of his students, now Professor Feliciano shared that additionally in 1990s 
that packing of livers rather than trying to stitch them up or resect them yielded 
were improved outcomes 

*In 1992, Mike Rotondo and Bill Schwab working at the University of 
Pennsylvania in Philadelphia (one of the cities in the United States with the 
highest gun crime rates) utilize the concept of damage control as a medical 
term > Both of them having come from a US Navy background 


Slide 11 - Refinements 

*Over the last 20 or so years, they've been clearer definitions. People like Dr. 
Shapiro have looked at outcome reviews showing that there's improved 
survival. 

*They've gone beyond the abdomen to the limbs initially for vascular injuries, to 
orthopaedic injuries, and extended into the chest, the neck, as well as pure 
vascular injuries. 

*Finally, the latest role is in the prehospital field, which is known as damage 
control ground 0 in typical American-style & this relates to a tincture of diesel 
getting the patient as rapidly as possible to definitive surgical care rather than 
faffing around on-scene, putting up drips, playing with equipment, rather 
moving the patient to where the control of haemorrhage can be optimized 


Slide 12 - Current Definition of damage control| 

*The current definition of damage control: a staged, resuscitative, operative, 
and intensive care physiological restoration to enable an injured patient to face 
this major inflammatory response that they're experiencing with a potential to 
survive the overall insult. 

*It's important to realize the trauma surgery is not the same as elective surgery. 
*Trauma surgery, much like other aspects of resuscitation, is about dealing with 
physiology, oxygenation, perfusion, and inflammation. 

*Whereas elective surgery is primarily focused on dealing with restorative 
anatomy 


Slide 13 - Why? 
*And the reason behind all of this is the patient who is hypoxic, who is hypo 


perfused and hyperthermic, is likely to end up in this triad of death with 
haemorrhage not able to be controlled because they develop a coagulopathy, a 
progressive acidosis, and a hyperthermia, which becomes progressive 

*As you have to give more and more fluid, the patient gets colder and colder 
*We know that patients don't clot when they core temperature drops below 34 
degrees, therefore, the coagulopathy gets worse meaning they bleed more. 
*When they bleed more, they become more shocked. And therefore, the acidosis 
gets worse 

*It becomes a lethal triad and a deadly spiral 

*And for this reason, damage control was invented to try and prevent this spiral, 
to stop the bleeding, stop unnecessary contamination, take the passion to the 
point where they can be volume resuscitated and then bring them back later to 
the operating room to fix their injuries. 


Slide 14 - Criteria for Damage Control 

*Critical Factors: patients with a low pH <7.2, with the core temperature of less 
than 36 degrees Celsius and certainly anything less than 34, you are likely to 
have a coagulopathy & as well as patients who require a massive transfusion, 
defined with many definitions. But basically, if you suspect that the patient has 
lost more than a third to half of the blood volume, they are going to require a 
massive transfusion 

*Competing priorities: the patient has a major head injury, but also has bleeding 
in the abdomen. And where two teams of surgeons need to operate at the same 
time 

*Complex of injuries: abdominal injury with an intra-abdominal vascular injury, 
or multiple bleeding sites such as the limbs, the chest, and the abdomen. 


Slide 15 - Decision making is more important than operative techniques 
*And the question then is, where do I go first? And here's the wisdom I was 
talking about 

*Deciding is far more important than making the incision 

*The risk of death versus the benefit of further surgery 

*It's about taking the right options rather than working for certainties. So 
therefore, it's an explorative laparotomy > we don't know what we're going to 
find 

*We don't do a CT scan and the unstable patient 

*The predicted severity rather than the expected an anatomical destruction 
*And importantly, it is all about teamwork and communication. And the 
communication here is what we call closed loop communication. I will ask the 
nursing sister for a particular drug. She will repeat the order to myself that I 
can understand she's understood it and got the correct instruction. Then once 
the drag is drawn up and given, a confirmation message is given to me, which I 
will then acknowledge 

*Closed loop communication is very important during resuscitation 


Slide 16 - Picture 
*Here's an example of a good team at work, irrespective of how their 
performance is at the individual competition 


Slide 17 - Diagram 
*So as mentioned, it's all about the cold, the coagulopathy, and the influence of 
inflammation there on *Flow chart at the top right shows you how the interplay 


of all the factors in resuscitation leads to a patient who is coagulopathic 
*Damage control makes a difference because as you will see from the yellow 
bars in patients who are coagulopathy, their mortality is far higher, at least 
twice that of patients with similar types of injuries who have not got 
coagulopathy present 


Slide 18 - Algorithm for patient admitted to trauma team (Warming up) 
*It is essential that the trauma patient be warmed up. The question you have to 
ask is, is this an environmental or primary hypothermia versus is this a trauma 
induced hypothermia? 

*In the case of the former, slow rewarming is essential 

*In the case of the latter (related to trauma), rapidly warming using whatever 
method you can is essential because the trauma patient who cannot be warmed 
up to above 36 degrees Celsius is unlikely to clot whereas the patient who has 
an environmentally induced hypothermia just from lying out in the cold is 
unlikely to bleed to death in the meanwhile 

*So they are admitted to the ICU or the high care area and slowly rewarmed, 
understanding that the patient with environmental hypothermia may get 
dysrhythmias, electrolyte disturbances, and reperfusion type injuries while they 
are being warmed up 

*Whereas the trauma patient needs to have the bleeding stopped and the 
warming to concur at the same time. 

*Additionally, the patient with trauma induced hypothermia does worse at a 
much higher temperature than the patient with environmental hyperthermia 
*One can see this in the next slide when you compare the severities of 
hyperthermia 


Slide 19 - Severity of Hypothermia 

*In the case of traumatic hypothermia, there are no recorded survivors below 
30 degrees Celsius, and there are very few survivors below 32 

*Whereas in environmental hypothermia, even children and fallen through the 
ice has been asystolic, been resuscitated for a number of hours with CPR, geta 
pulse back, have been neurologically normal at temperatures of around 24/25 
degrees Celsius. It is a very different pathology, and you must understand that 
as such 


Slide 20 - Massive haemorrhage Policy 

*Massive transfusion or massive haemorrhage is a marker of poor outcome 
*Remember, patients bleed whole blood, not packed cells 

*When you order a blood transfusion, what you're giving the patient initially is 
packed cells 

*There's no coagulation factors included in that 

*In South Africa & certainly in KZN we're quite lucky to have freeze-dried 
plasma, which is as effective as fresh frozen plasma (FFP) which is available in 
the rest of the country and most of the rest of the world 

*It's important to start empirically. If you need to give the patient more than 
two units of pack cells, you should be engaging with a so-called 1:1:1 philosophy 
*Ideally, so if everyone 1 packed cell, 1 FTP is given and 1 part of a platelet 
transfusion 

*But there is unfortunately as yet no optimal ratio 


*You probably also need to administer cryo precipitate therapy, and platelets 
early on 

*And certainly in our policy, we administer cryo precipitate within the first five 
units of blood. *Remembering that in reality, it's a ratio of about 5:5:1 because 
they are five pooled donors in a pack of platelets. So, for every five units of 
blood, five bottles of FFP or FDP, one pack of platelets should be given, and 
calcium should be administered 

*And here it is important to realize that if you're using calcium gluconate, you 
need to achieve three times the dose to achieve the same effect as one ampoule 
of calcium chloride 


Slide 21 - Treatment of the bleeding is to stop the Bleeding 

*Direct pressure, clamping, dressings that stop bleeding or important 

*And the treatment of bleeding is to stop the bleeding. 

*And this is part of the reason why early surgery takes place because some 
bleeding in the chest or through the abdomen can only be stopped surgically 
*Once you stop the surgical bleeding, you need to treat the coagulopathy: 
thrombelastography-guided resuscitation is ideal 

*The dotted line is what the normal coagulopathy coagulation should look like 
*The torpedo shape of the trace suggests that this patient is significantly hypo 
coagulable 


Slide 22 - The damage control Sequence 

*The process of damage control surgery is divided up into three phases 

*Phase one: takes place in the operating room. We stop the bleeding; we stop 
the contamination from hollow visceral leakage. We provide packing to stop 
oozing and bleeding and place a temporary abdominal closure. Do not close the 
door that you need to re-enter 

*Phase two: Then move the patient to the ICU. At this point, Core re-warming, 
correction of electrolytes, coagulopathy, hemodynamics, and other injury 
identification such as the completion of the secondary and tertiary survey, if 
necessary, is performed around about 24 to 48, and sometimes even as long as 
72 hours later 

*Phase three: Patient is returned to the operating room where the pack removal 
and definitive repairs take place. 


Slide 23 - Stage 1: Phase 1 = DCR 

*The steps in each of these phases can be subdivided 

*Firstly, rapid prehospital care with limited crystalloid, early component 
therapy, early access to operative care, early haemorrhage control, and the 
concept of permissive hypotension is useful. 

*Now, permissive hypertension is allowing the patient’s blood pressure with 
resuscitation to be maintain at around 90-100 systolic and even as low as 80 
systolic such that there is vital organ perfusion without raising the pressure to 
the point way bleeding is increased. 

*And this is important to understand that this is until such time as surgical 
haemorrhage control takes place. 


Slide 24 - Stage 1: Phase 2 = DC-Op 
*The second part of stage one is rapid operative access, rapid packing, and 


evacuation of bleeding, including the use of retroperitoneal pelvic packing for 
major pelvic bleeding, the use of blood conservation strategies such as a cell 
saver device or an auto transfusion chest drain, controlling the source > So, 
stopping the bleeding, stopping the contamination, then factor-based 
replacement 

*and a temporary abdominal closure such as the vacuum assisted closure of the 
abdomen in the lower picture. 


Slide 25 - What about DCO? 

*What about the orthopaedic surgeons? Well, orthopaedic damage control was 
described by Scalea and Pollack in 2000 

*And damage control orthopaedics is all about doing as little as possible, but 
straightening the bones & allowing the patient to be resuscitated first before 
major orthopaedic intervention such as femur nails, tibia nails and plates are 
placed in these patients because it has been realized that hypoperfusion 
stimulates the inflammatory response and causes a second hit with a higher 
mortality. 

*But realize that this is a small percentage of all the major trauma patients. 
*There’s patients with lactate greater than 4-5 millimoles per litre and probably 
is around 7% of all major trauma patients. 

*So there is a place for early total care usually in isolated major injuries such as 
a femur fracture and other injuries. 


Slide 26 - Who should get DCO? 
*The patients who should be offered damage control orthopaedics like the 
patients that get damage control surgery are: 


e those who are very sick > so poly trauma patients with a high ISS (injury 
severity score) 

e Patients with major injuries to other areas such as pulmonary contusions 
or massive transfusion requirements 

e anybody who has an anticipates an operative time of greater than six 
hours 


*In the context of damage control, no surgery should take longer than 
Thour30min 


Slide 27 - Places of Damage Control 

*Damage control has been extended from initially the abdomen where bowel 
was tied off and blood vessels were tied off and others were shunted to the 
limbs with shunting of vascular injuries, the use of external fixators rather than 
from plaster of Paris to the chest with the use of staplers and lung twists to 
control bleeding, to the neck with vascular shunting, or ligation of injuries. And 
then in the head with the so-called decompressive craniectomy for raised 
intracranial pressure 


Slide 28 - Why all of this? 

*What's the underlying physiology? It's all about the patient’s cells. 

*These patients are hyperlactatemic which indicates hypoperfusion and 
anaerobic metabolism. *Remember that during anaerobic metabolism, your 
patient is not producing sufficient ATP. 


*ATP is essential: it drives over 250 enzymatic processes, and it reduces 
production to 5.5% of baseline when the patient is anaerobic. 

*If you think back to your basic physiology, you will know that during aerobic 
metabolism, a total of 38 ATP is produced for every mole of glucose 

*5.5% of that is two ATP. You are only producing 2 ATP for every mole of 
glucose during anaerobic metabolism 

*So in reality, the author of the book got it wrong. The meaning of life is 36, not 
42. 


Slide 29 - Stage 2 
*Stage two takes place in the ICU. And here is an example of the USS Cole on 
its way to the ICU 


Slide 30 - When to terminate stage 2? 

*In the ICU, the plan is to correct coagulopathy, to resuscitate the patient, to 
look for other injuries, to correct the clotting , to correct the electrolytes, to 
ventilate the patient and recruit the lungs to reverse the acidosis 

*Ideally, the plan is to go back with all the great experts present so that you can 
go and definitively repair the injuries 

*However, not every patient reads the textbook. Some patients do not respond. 
Sometimes you have missed something and therefore has to go back earlier on 
so if your patient has got a climbing lactate, active bleeding, there's indication 
to terminate your ICU stage earlier, go back to the operating room and control 
haemorrhage 


Slide 31 - Stage 3: Phase 1 - Definitive 

*Phase three in the operating room is to relook the operation, restore 
continuity, so this is now more anatomical elective repair. 

*Remove the packs once the basics are done 

*in case they rebleeding, debride devitalised tissue: don't leave anything behind 
that is dead 

*Wash extensively and then decide whether or not you're able to close the 
abdomen 


Slide 32 - Phase 2 - Closure 

*The second part of stage three is closure of the abdomen or cavity that you're 
busy & this depends on stability and compliance 

*Just like with the limbs, it's important to avoid abdominal compartment 
syndrome 

*The same as opening the head is necessary if these raised intracranial pressure 
*To do this, the best thing is to leave the abdomen open with a temporary 
abdominal closure that enables fluid control and pressure reduction, such as a 
vacuum assisted closure dressing. 

*The limbs should be should be fasciotomized, and again, if they are, we benefit 
from a VAC closure and later, a skin graft. 

*If the abdomen is thirdly quiescent, the underlying pathology is dealt with and 
there's no raised intracranial pressure or systemic lung or limb injuries, then it 
is acceptable to go ahead and close the abdomen or the chest, whichever cavity 
is open 


Slide 33 - Role of trauma surgeon (traffic controller) 
*My role as a trauma surgeon is to really be the traffic controller. I need to be 


the one controlling the critical care for the patients, as well as captaining the 
ship of care so that we don’t hit iceburg of death 

*It's important to be a competent surgeon, but it's also more important to know 
when not to operate. *And sometimes delaying a surgery is essential to allow 
the physiology to be restored first. 


Slide 34 - Role of trauma surgeon: timing is everything 

*In terms of the orthopaedics, timing is everything. 

*For patients with minor injuries, injury severity scores less than 15, there's no 
difference whether you do the orthopaedic intervention now or tomorrow or five 
days down the line. 

*However, for patients with higher injury severity scores greater than 16, it's 
important to wait more than 24 hours to allow the patient to resuscitate. 

*A study showed in over 3 thousand patients that there is a window of 
opportunity after resuscitation in the first 12 hours to operate on the patient 
who stabilizes - you'll see there's a drop in the mortality rate. 

*Otherwise the mortality goes up again, and the drop to same rates in that 
window of opportunity takes place at around day five so greater than a 120 
hours post injury. 

*By waiting out this time, the mortality rate is half that of rushing ahead and 
doing orthopaedic interventions early on. 


Slide 35 - Multidisciplinary Aspects 

*The ICU is an essential component in all of this 

*And it's not just a case of the surgeon dropping off the patient and saying, oh, 
well, Mr. ICU doctor, please fix my patient up so that I can go and operate in 48 
hours’ time. 

*It is an active process with a full team and takes up a lot of resources 

*The plastic surgeon is important later on for tissue coverage of the limbs. 

*The dietitians, physiotherapists, occupational therapists, social workers, 
speech and audio therapists, and psychologists all have a role in this big team. 
We all have to work together 


Slide 36 -Summary 

*Damage control is more than just external fixators for broken burns. It's all 
about physiology and timing. And there's lots of ways to skin the cat. 

*So a method is Rook, Bishop, and knight 

*It is a team effort. Every single member of the team must play their part 
*And importantly, technique is less important than deciding Because that will 
lead to the right incision and the write operation 


Slide 1 - Cover Slide 

*This is a summary of the MIMMS three-day course relevant to undergraduate 
medical students. The reason this is included in your curriculum is because the 
national Department of Health feels that it is essential that all doctors know 
how to manage mass casualty situations, since they are very common in the 
South African practice environment. 

*The course was originally put together by the emergency mates in society or 
South Africa, together with MIMMS US & UK 


Slide 2 - Definition of Major Accident 

*It's any one of the following three: 

- An incident where the number, severity, or type of live casualties or an event 
by its location, requiring the use of extraordinary resources such as multi 
services require for its management or, 


- An incident that presents a serious threat to the health of the community, such 
as a gas leak from the Durban South base or SAPREF refinery or, very topical at 
the moment, the leachate leak in Shongweni, 


- An incident that disrupts the health service, such as a fire in the hospital 
causing damage to the hospital, the lack of electricity and a failure of the 
generator system 


*Any one verse three constitutes a major incident. 


Slide 3 - Major Incident Frequency: Civilian 

*So the major incidents that appear to garner the majority of interest are those 
where they affect civilians outside, such as the Selby train crash. 

*In the United Kingdom, one is looking at one to two a month. This last recent 
period, one has seen episodes of terrorism, fires, and other incidents both at 
home and abroad. 

*In South Africa, unfortunately, we do not have accurate data, but probably we 
are facing at least one to two major incidents per day in most of our province's. 
It will be a useful PhD for someone to do to gauge the major incident 
epidemiology for South Africa. 


Slide 4 - Major Incidents Spectrum 

*Major incidents may involve children either totally or in part, so school bus 
that crashes or those children having fun in the floodwaters in Thailand, but 
soon we will be having less fun when cholera breaks out. 

*The incidents may be medical, such as this fire in Sydney harbour, which lead 
to acid rain and lots of asthma presentations at the Sydney hospitals. 


Slide 5 - Cont. 
*They could be natural, such as earthquakes, floods and volcanoes, the floods in 
Mozambique, and the volcano in Kenya. 


Slide 6 - Cont. 
*Or man-made, such as the bus that went down the hill near RK Khans very 
recently, the train crash or the British Airways plane that went down at the old 


Durban Airport a few years back could be terrorism, both terrorism from 
bombings or bio-terrorism. 

*The picture on the right didn't illustrating the anthrax organism. 

*Industrial accidents such as gas releases & this was in India a few years ago. 
*And then mass gathering, the primary reason why the MIMS concept was 
brought into South Africa, the FIFA 2010 World Cup. 

*And unfortunately, football has the reputation of having three of the largest 
mass Casualty sports events with spectator involvement. 


Slide 7 - Simple vs. Compound 

*These incidents can be simple. That implies that the responding authorities can 
get to the incident and have sufficient resources to manage the incidents such 
as this bus crash a few years ago, down the gorge to Moweni. 

*Or the incident can be compounds such as in Los Angeles where the 
earthquake caused collapse of the bridges and prevented emergency services 
from actually getting to the site of the entrapment. 


Slide 8 - Compensated vs. Uncompensated 

*And finally, incidents can be compensated. That is, the local response is able to 
eventually get control over the incidence and all the patients and triage 
everybody and sort incidents out. 

*Or it may be uncompensated. And by definition, an uncompensated major 
incident is what we now call it_disaster 


Slide 9 - Uncompensated Major Incident = DISASTER 

*And a disaster is usually where the help is called in from external agencies, 
such as with Gujarat where South Africa’s rescue teams went into help locate 
survivors. 

*Or with the twin towers incident being a man-made incident, where resources 
outside of New York had to be called in because their own facilities were shut 
down. 


Slide 10 - CSCATTT 

*Command and control, safety and communication are the essential components 
of managing a major incident. 

*Assessment of the incident itself & finally, the medical management, triage, 
treatment, and transport. 


Slide 11 - Combined Emergency Service: Response Focus 

*Why would we want to manage a major incident? 

*The focus is obviously to save life. You also don't want things getting worse. 
You don't want to move the incident from the scene to your hospital. 

*You want to have some stability provided before that occurs. 

*You wanted to relieve suffering, protect the environment. 

*We want you to protect property, primarily a police and security resource, a 
responsibility, and rapidly restore normality, which is easier said than done. 
Because if a bus crashes and the patients are removed from the scene, 
normality is fairly rapidly restored by lifting the bus with a tow truck and 
throwing it away, wiping the road clean with brushes, and the traffic returns to 
normal. 

*The problem is for the Health Services where those patients who receive 
normality may not be achieved for a number of days 


*Additionally, we have to facilitate inquiries because family members are going 
to come looking for them and wanting to know what has happened to my family 
members: Are they alive and okay? These are going to be family members who 

are highly stressed, so facilitation of inquiries is essential. 


Slide 12 - Communication 

*If you don't communicate, these incidents will fail. 

*Desmond Fennell was the investigator into the King's Cross fire, a fire in the 
London Underground. And unfortunately, there was a lack of information 
passage between the various Emergency Services leading to the death and 
injury of a number of civilian and ambulance service personnel when the fire 
services in London attempted to ventilate the area, but unfortunately sent the 
smoke in the direction of where the ambulance service was evacuating patients 


Slide 13 - Causes of poor communication - Why does communication fail? 
*Lack of information: therefore, one needs to make sure that the information is 
given in sufficient detail 

*Lack of conformation: an initial call from the ambulance Control Centre to you 
at the hospital saying there has been incident x, y, z, then you hear nothing 
further and suddenly 50 patients arrive, You’re going to be a little annoyed 
*Lack of coordination: The various ambulance services not talking to each other 
and the fire service not talking to the ambulance service leads to poor discipline 
and poor liaison 


Slide 14 - Communication Methods 

*So we can communicate face-to-face often at the scene of the incidents such as 
in the photograph on the top right 

*Communicate by radio bottom-right 

*Cellular telephones, other methods like megaphones and purely through radio, 
such as Uncle JVB, who we all know, it gives us the traffic reports in the 
morning 


Slide 15 - Communications 

*Radio communications are usually for information exchange within services 
and between services. *As long as you're talking on the same channel, you can 
discuss issues with each other and every other member of the team can hear it 
*It will be up and down chains of command, but across areas of control. 


Slide 16 - Critical Message Structure 

*The way to put this message together is using the METHANE message 

*M - My call sign/name/appointment. “Hi, I am Dr. Dlamini, this is a major 
incident standby or declared a major incident.” If it’s over, say “this is a stand 
down incident” 

*E - the exact location ideally with a GPS grid reference 

*T - type of incident: bus crash, a train crash, a plane crash, a chemical spill, a 
cholera outbreak 

*H - Hazards present and their potential. And that includes enabling us as the 
hospital recipient to prepare with PPE 

*A - Access and egress not only to the scene, but how must they come to your 


hospital, where must they drop the patients. How are you changing your normal 
hospital layout for this mass casualty situation? 

*N - Number and severity of casualties that they have and that you can 
accommodate, and especially in terms of severity 

*E - emergency services present at the scene, whether or not you are required 
to send a go-team. 


*So, this message structure can be used for any message with a year, the first 
reporting person arriving on scene, and you pick up the phone and you phone 
the emergency services, you can give them all these details very effectively 


Slide 17 - Principles of Voice Procedure 

*It's important to communicate clearly, accurately, but keep it short and sweet. 
*Ideally, no more than 30 seconds per message. 

*Speak with a moderate volume and a moderate pitch so that you're not 
shouting over the phone or being at high pitch scream. Otherwise, no one can 
understand what you're saying. 

*If you need to spell something, used the NATO phonetic alphabet 


Slide 18 - Cellular telephones: Advantages and Disadvantages 

*They can also be used for communication. These have both advantages and 
disadvantages. 

*Adv > nationwide as well as international coverage. There's no special voice 
procedure required, and it is not dependent on radio networks 

*Disadv > However, the limited cells may be swamped because of media calls. 
And there's no central coordination because the communication by voice is 
primarily one-to-one. Direct communication with hospitals is however possible. 
*The use of WhatsApp and Zelda has somewhat mediated some of these 
problems because you can put messages to big groups and keep everybody in 
the loop. 


Slide 19 - Other Methods of communication 

*The other messages can be carried by landlines, particularly within the 
hospital, via the megaphone. 

*Important one is the whistle: If you are busy with a patient and you hear a long 
solid singled blast on a whistle particularly from the Safety Officer, it is an 
evacuation order > drop and run. 


Slide 20 - Command & Control 

*The command and control is very much dependent upon good communication, 
because command and control are the cornerstones of the management of these 
incidents 

*It requires communication between the police command, fire command, 
Medical Command, and the local authorities. 

*This happens at the Central Command point, which is known as the silver 
command, as well as at the front line/operational point where there are bronze 
commanders. 


Slide 21 - Selby Train Crash 
*Occurred in Yorkshire with 10 dead & 70 injured. And you can see that they've 


put an outer perimeter or the Solver cordon around the main Incident, keeping 
the unnecessary spectators out 

*But also within the area is the bronze zone with the inner cordon which is 
where only staff and patients with appropriate PPE and during extrication will 
be found 


Slide 22 - Tiers of Command 

*Bronze/Operational: This is where the action has taken place. 

*Silver/Tactile command: it is on the outside of the inner cordon but within the 
outer cordon. And this is where the incident commanders will converge and 
where they will take tactical decisions, communicating upwards to a gold 
command, which is usually at the head offices of the fire service, ambulance 
service, health services, et cetera. 

And also instructing downwards to the bronze commanders at the front line. 


Slide 23 - Control of Movement: Outer Cordon (Silver) 

*Usually controlled by the police 

*It's usually a physical barrier in the form of either barrier tape, signs, vehicles 
that are cordoning off the entire area. 

*It restricts general access from the public, the media, and unnecessary 
volunteers who may be willing to help but put themselves at risk 

*From an emergency service/hospital service point of view, you're only allowed 
in with your appropriate ID and you get logged in at a control point. 

*In the context of the hospital, this is usually the outer perimeter of the hospital 
controlled by hospital security & you will only be allowed in with your ID card, 
at which time you report to wherever the control centre has been established. 
And for this reason, you need to go and study hospital emergency plan for major 
incidents at whichever hospital you are working at 


Slide 24 - Inner Cordon (Bronze) 

*Inner cordon is not always physically present 

*May be controlled either by the police, hospital security, or the fire service - 
&in the case of a hospital, there may well be a fire service responsibility if 
they've been requested to provide decontamination facilities 

*Access is usually strictly limited to those utilizing appropriate PPE 

*In the hospital context, this is your emergency areas. Whereas the control or 
silver area will be in the executive suite. 


Slide 25 - Bronze/Operational 

*Sector commanders will be appointed, such as in the red, yellow and green 
zone at the hospital directly responsible to the silver commander who will be 
the medical Incident Commander 

*These can be divided up further as necessary. And from a practical point of 
view, the first vehicle on scene from each service until relieve becomes the 
forward control unit. 


Slide 26 - Fire and EMS Ranks in SA 

*The people that you'll be working with as advanced practitioners will be the 
three-star paramedics. These are your ALS paramedics, the ILS paramedics that 
are on most ambulances will be your two stars. And the basic life support 
providers will be your one-star paramedic. 


*When you see people coming in with laurel wreaths, they're usually officers 
who spend more of their time pushing pens than treating patients 

*From a fire service perspective, most fire trucks will have a one-star station 
officer 

*Major incidents will have either a two-star were three-star divisional officer or 
assistant chief 

*You will find the chief officers and the deputy chief officers at the gold 
command along in the EMS side with the EMS managers and the ops managers. 


Slide 27 - Yorkshire incident 

*For the incident here in Yorkshire, they've created three bronze areas. 

*The venue operation centre controlling the staff in 

*the Incident Control Point as the silver come on point. 

*Established an access & egress route so that the vehicles do not by-pass each 
other. 


Slide 28 - Silver/Tactile 

*All the incident commanders form the silver control. They may physically move 
to the bronze area and inspect the issue. But they stay back, and they allow 
others to take over as they arrived 


Slide 29 - Gold/Strategic 

*This is distant from the scene. These are the guys who literally can write the 
checks and authorize additional resources. 

*And these guys will also be the ones communicating with national and 
provincial resources to escalate the incident. 


Slide 30 - Health Services 

*From a health service perspective, various ambulance and medical staff are 
involved 

*Pictures: International Battenberg colour scheme is prominent, the yellow and 
green boxes or stripes. *You will also notice if you look at the case, an 
ambulance service, that currently they're in the process of changing to this new 
international standardized marking 

*Private services will soon be required to do the same 


Slide 31 - Ambulance Control Point 

*The ambulance services may provide a command point. On the left photograph 
you'll see the western capes incident command bus 

*On the right photograph, Durban city councils disaster management, control 
bus 

*These are the large resources that will come out to major incidents that are 
going to have prolonged events. 

*But for lesser incidents such as a minibus crash, the marker of the Incident 
Command point may be something as simple as an orange cone on the roof of 
an ambulance or a fire truck or a police vehicle. 


Slide 32 - Health Service Management Roles 

*From a health service perspective, someone is appointed as the commander. 
*Someone else is appointed to do triage. The first triage as patients arrive and 
second triage in the casualty clearing station or in the resuscitation area. 
*Someone is looking after the minor injuries or the green codes 

*Someone is assigned the task of coordinating transport and that's not 


necessarily just ambulance transport. It could be providing trolleys, moving 
patients safely from one spot to another. 

*Somebody will be requested to provide logistics. Another person safety and 
security, usually in the hospital context. This is the hospital security service and 
logistics provided by the stores. 

*And the communications officer in the hospital context is usually the hospital 
PRO. 

*But keep in mind that these people are often not on site when the incident 
happens at two o'clock in the morning. 

*You need to activate them as part of your plan, and you need to hold the fort 
until such time as they are all onsite. 


Slide 33 - Incident Medical Commander 

*An incident medical commander, which might be you in the initial phase, is 
there to oversee triage and treatment, coordinate transport, debriefing of the 
staff, and ensure that the safety officer functions are delegated. 

*He will also have to respond to media interaction is needed. And importantly, 
he or she must not become involved in patient treatment. 

*They are there to be over seers and not interveners 


Slide 34 - Sector Medical Commander 

*At the bronze area, the role of the commander is to direct the Health Service 
Resources and ensure treatment and triage takes place 

*to move patients to the appropriate casualty clearing areas so from the 
ambulance deck to the trauma bay, from the trauma bay to the operating room 
or ICU 


Slide 35 - Safety & Security Officer 

*safety and security officer is not just about keeping other people out but it's 
also about making sure that the right people come in. 

*We monitor stress and fatigue so that you don't overwork your staff. 
*Sometimes the most important role of the safety and security officer is sending 
a message to all the voluntary stuff to say, please don't come in now, coming in 
12 hours’ time when my current staff are tired and you can relieve them and 
take over. 

*Don't try and be a hero. They must also make sure that they provide a check to 
make sure everybody is using appropriate personal protective equipment 


Slide 36 - Communications Officer: On-Site 

*Communications officer is there to sort out communications with the media, 
the ambulance control, and other receiving hospitals 

*Usually in the hospital context, this will be the hospital public relations officer 


Slide 37 - Casualty Clearing Officer 

*A role that you may well be called on to perform as a clinical doctor is to site 
the casualty clearing station or to activate your casualty clearing station and 
modify your emergency department to be a casualty clearing station for a major 
incident 

*It needs to have adequate staffing equipment and an ability to use a rapid 
access record system, preferably not computerized. 


Slide 38 - Casualty Clearing Station: Selection Criteria 
*The casualty clearing station at the scene is usually safe from all the hazards, 


accessible from the main site, as well as accessible to an evacuation route, 
preferably of a sheltered nature 

*So, for example, with a minibus crash, we will often establish the casualty 
clearing station under the nearest bridge or under a clump of trees but close 
enough to move the patients there, station your advanced life support 
practitioners there and close to where you have an ambulance holding and 
ambulance loading area. 


Slide 39 - Diagram 

*The casualties are moved from the incident to the casualty clearing station 
where a secondary triage takes place. 

*Those who are P1 are resuscitated, those who P2 are held and treated. 
*Those who are P3/ the walking wounded or rapidly evacuated offsite so that 
they cannot cause distraction. 

*Bodies of those that die are placed in a body holding area 


Slide 40 - Transport Officer 

*A transport officer should be as assigned the task of liaising with the police, 
creating an ambulance circuit, both at the scene or at the hospital, creating an 
appropriate ambulance parking area so as not to obstruct access to the 
emergency department and the transport officers responsibility is to oversee 
the evacuation of patients from the scene and within the emergency department 
to x-rays, records, wards, ICUs and theatre 

*More importantly, if there is a transport officer from EMS, they may be 
required at the hospital as well to oversee helicopter loading and unloading 


Slide 41 - Primary Triage Officer 

*Once patients start arriving, either at your hospital or at the scene, the first set 
of triage is called the triage sieve 

*It’s a fairly rapid triage. It's repeatable. It's been tested repeatedly in research 
projects and found to be accurate 

*If the patient is able to get up and walk while they're injured, then they're 
automatically a priority three or a green code. 

*If they are not walking, then the question is, are they breathing? If they're not 
breathing > open airway. If they then breathe, the airway problem can be 
addressed by the treatment team, mark the patient as red code, and move on. 
*If when the airway is open, they are not breathing. That means they have an 
airway and breathing problem therefore, the chances of ultimate survival are 
very low - They get marked as DEAD And you move on. 

*If however, they are not walking but they are already breathing, you look at 
the respiratory rate, just like with ATLS, its 9 or less or 30 or more: so, there’s a 
Breathing problem. And that implies the need for immediate treatment > Mark 
them as red code and move on 

*If the breathing rate is normal. In other words, 10 to 29 in the case of adults, 
check the pulse rate 

*In children, we use capillary refill time more than two seconds 

* In the case of pulse rate, if it's greater than 120 (pathological tachycardia), 
there’s a circulation problem: Patients should be treated as a red code 

*If the patient is breathing with a normal breathing rate, and as a pulse rate 
under 120, but they're unable to walk, they probably have an injury that's 
preventing them from walking, but otherwise medically stable: Yellow code/P2 


*Patients will then be evacuated, probably in the order P3, P1, P2 to the 
casualty clearing station, or to the awaiting transport. 


Slide 42 - Secondary Triage Officer 

*At the casualty clearing station, a secondary triage is done. This is done 
utilizing the so-called trauma revised triage school 

*For the first time now, equipment other than your fingers and an ability to 
count are required 

*The Glasgow Coma score must be done: need the GCF chart 

*Systolic blood pressure is taken for which a sphygmomanometer is required 
*Depending on the scores: They are scored, each out of four, and these are 
added together. And as you can see, priority 1, 2, 3 apply with the lower the 
score 

*Additionally, seeing as there are senior staff on site here, Step four is also 
activated: priority could be upgraded at the discretion of the senior clinician. 
*Example: a case of someone who had been able to walk because they're not yet 
hypotensive, but they've had an avulsion of the arm so they were able to walk 
away from the scene and now in the green code area, but the secondary triage 
team would up-triage them to a higher level of care 


Slide 43 - Selby Accident 

*There was a rest centre established for staff off-site. There was a Media Liaison 
point created. As you can see on the picture, a casualty clearing station was 
established in the larger of two bonds and the survivor Reception Centre for 
uninjured survivors was established in another bond. 

*The ambulance parking area and ambulance loading areas are suitably close to 
this. 

*And helicopter landing zone was established as well. 


Slide 44 - Triage Aims 

*Getting the right patient to the Right place at the right time, The first time 
*Triage is done repeatedly. A first look at the hotspot at the scene, at the bronze 
area. A second look within the silver zone at the casualty clearing station. A 
third assessment in the back of an ambulance on the way to an appropriate 
hospital. 

*The triage sieve is usually repeated on hospital reception. And then a 
secondary triage either in the emergency department or ED surgery is then 
performed. 

*Finally, post up or post admission to ICU, a triage is once again performed so 
that it is unnecessary to continue with futile care but at the same time may be 
necessary to upgrade the treatment of patients who were initially triaged as 
green codes or yellow codes and have now deteriorated 


Slide 45 - Triage Sieve & Triage Sort 

*This diagram illustrates two methods of removal. You will notice that there is 
an expectant category. *This is for patients who are expected to die due to the 
severity of injuries, but they are not yet did. *Putting time into treating them 
would unfortunately put survival of red and yellow and green codes at risk 
*So at incident site, triage sieve is performed & the triage sort is done at the 
casualty clearing station in the hospital context, the triage serve as dumb as 
patients on unloaded from the ambulance. The triage sought is done once the 
patient is in the treatment areas for red, yellow and green codes 


*The ambulance loading point equivalent in the hospital, maybe the porters and 
the x-ray department and the receiving hospitals would be the receiving wards. 
*So this scheme can be extrapolated to the hospital environment just as easily 
as it is used in the incident environment 


Slide 46 - Dead vs. T4 

* Dead is dead is dead is dead 

*T4 is expectant, we call them blue codes in the South African context 

*Dead patients do not carry a medical priority. They are not assigned a colour 
code on scene in a mass casualty. They will not be coming to your hospital. They 
will be dealt with on scene 


Slide 47 - Priority 1 (Immediate) 

*Priority 1: require immediate lifesaving interventions. You can see this patient 
has got an asherman chest seal because he obviously had a tension 
pneumothorax. 

*Priority 2: such as this gentleman with a femur fracture, which appears to be a 
compound femur fracture, require interventions within two to four hours. 


Slide 48 - Priority 3 (delayed) 

*Priority 3: walking wounded > they usually have minor injuries that can safely 
be delayed for three or four hours. Although one does not want to unnecessarily 
lose limbs, particularly upper limbs, because of unnecessary delay. So, they still 
need to be treated and triaged appropriately. 

*Upgrading of the triage status may be appropriate on certain occasions. 


Slide 49 - Priority 4 (Expectant) 

*Priority 4: is the expectant patient. As you can see from this picture, this 
gentleman has lost an arm, has lost part of a leg and possibly the other leg as 
well. 

*If he was the only patient at an incident, you would throw all your toys into the 
cut and treat him aggressively. 

*In the bigger picture of a mass casualty situation, this patient is unlikely to 
survive. And if you spend time resuscitating this patient, you will end up killing 
other Salvageable patients. 

*At most, analgesia and sedation is given and comfort care 


Slide 52 - Paediatric Triage Tape 

*adapted to the normal values for the various size of child. 

*If this is not available, utilizing adult triage score will lead to some degree of 
over triage but that is fine, rather over than under triage 


Slide 53 - Triage: TRTS in CCS/Treatment Area 

*In the casualty clearing station or in your hospital treatment area, the trauma 
revised score is done and dependent upon the outcome, the patients are then 
treated in that order 


T1 1-10 
T2 11 

T3 12 
DEAD 0 

T4 1-3 


Slide 54/55 - Triage Labelling 

*This is done usually by the emergency medical services and can be something 
as simple as different colour cards 

*However, the problem with different colour cards is that they are not 
changeable, so there's no ability to upgrade or downgrade the status. 


Slide 56 - Folding/Cruciform Card System 
*On the other hand, the folding card system allows the level of injury can be 
upgraded or downgraded 


Slide 57 

*The South African version is shown here, and it allows you to fold the card to 
enable the current condition of the patient to be reflected on the outside 
*Recording vitals with a kokie pen 


Slide 58 
*Behind the card, the triage scheme is there to give you some guidance. 
*This is available in most ambulance services as of FIFA 2010 


Slide 59 - Treatment: Aims 

*Final step in the initial management of the patient. 

*Importantly, it is there to allow the maximum number of patients to arrive 
safely at hospital. And then once in hospital to enable the majority of patients to 
survive. 

*Treatment at the site will be primarily ABC treatment 

* The amount of treatment delivered is correspondent to the triage priority. So, 
the patient who has a red code will probably require more intervention and may 
be delayed and they transport out compared to the patient with a minor injury 


Slide 60 

*At the scene, only lifesaving first aid is provided 

*in the hospital offload area, very little will be done for these patients 

*Once they moved to the casualty clearing station or your treatment areas, 
advanced life support may be required. 

*They should then be packaged safely for transport both to hospital or for 
transport within hospital to such areas as imaging, theatres or the ICU & then 
they are loaded and transported appropriately 


Slide 61 - Treatment: Lifesaving first aid 

*Lifesaving First Aid at the scene will entail removal of debris, chin lift, jaw 
thrust, and manual cervical stabilisation 

*No a fancy equipment is required. It is very much basics. And then extrication 


Slide 62 

*At the scene, mouth to mouth and mouth to nose ventilation will not be done 
because as part of the triage scoring, if they are not breathing once the airway 
is open, they are dead so they will not be intervened upon 


Slide 63 
*As far as C is concerned, simple, stop the bleeding with a pressure dressing, a 
fracture splinting, or maybe even aa torniquet is appropriate 


Slide 64 - Advanced Life Support 

*Once the patients have been moved to the right casualty clearing station or 
your emergency areas, obviously, the paramedics and medical teams can 
undertake definitive treatment 

*At the scene, the only role for the doctor is for the trapped patient who 
requires surgical extrication *And these are rare cases. 


Slide 65 

*At the casualty clearing station, more advanced interventions may be 
performed such as intubation, surgical airways, and possibly cervical collar 
application. 


Slide 66 
*Ventilation with bag valve mask, the use of needle thoracentesis or chest 
drains may also be performed as appropriate. 


Slide 67 

*Central venous access is largely done in hospital, but peripheral venous access 
may occur at the scene 

*Intraosseous access is useful for both children and adults. 

*If they require fluid therapy, they may be the need to setup an infusion 


Slide 68 - Specialist Care 

*Once they're at the hospital, Surgical triage may be performed which could 
include life-saving surgery such as chest drains and urgent laparotomies 
*Although, extrication amputations may occur at the scene. 

*It may also be necessary to amputate limbs for the sake of life over them 

*If it's a chemical incident, please keep in mind the need for decontamination 
and particularly with major fires, the role of antidotes e.g., for cyanide 
poisoning 


Slide 69 - Packaging for Transport 

*So your packaging for transport needs to ensure airway security, breathing 
adequacy, circulatory stability, appropriate analgesia, appropriate spinal 
support preferably with padding, and appropriate splintage of fractures & 
maybe the use of torniquets 

*These patients should be appropriately documented and then moved to 
hospital or between wards as necessary 


Slide 70 - Declaration of Death 

*The dead are not primarily your responsibility from a hospital perspective 

*At the scene, an authorized person, e.g., a registered nurse and advanced life 
support or intermediate life support paramedic or a doctor will declare the 
patient deceased 

*The body then becomes the responsibility of the police who will be required to 
label the body and keeping in mind that the entire scene will be a forensic 
incident. 

*If you need to move bodies to get access to live patients, please mark and 
photograph as necessary. 


Slide 71 - Body Holding Area/Temporary Mortuary 
*The body holding areas are usually controlled by the police and needs to have 
a good area with suitable capacity, low temperatures, staff facilities, and 


preferably access to forensics. 
*In the KZN environment, the mass casualty or the mass death facility is 
provided at the Gail Street mortuary 


Slide 72 - Identification 

*The identification of the death remains a police responsibility at the time of 
post-mortem 

*Personal effects are therefore important 

*Do not undress the bodies in hospital or if you do for because they're alive 
when they come in and they need treatment, please make sure that you securely 
document all personal effects. 

*There will be a Police team together with a casualty Bureau team who will 
correlate this information. 


Slide 73 - Transport: Aims 

*Aim of transport is to move the right casualty to the right hospital as smoothly 
and quickly as possible 

*Requires appropriate casualty flow, which doesn't necessarily mean you're 
going to move all the red codes first and appropriate vehicle flow. 

*To be able to achieve adequate vehicle flow, you need to have the following 


Slide 74/75 - Evacuation Scheme 1 

*An evacuation scheme with an ambulance loading point, which allows the 
patients to move from an ambulance parking point and ambulance loading 
points without crossing paths 


Slide 76 - Vehicle Selection: Land 

*The majority of patients will be move by means of a standard land ambulance, 
which can be single stretcher or multiple stretcher. These will take patients to 
the appropriate hospital receiving the patients 


Slide 77 - Vehicle Selection 

*Very few patients will be moved by helicopter. It is important to realize that 
helicopters are not necessarily the most useful in a major incident, but may be 
important in transporting specific patients to specialized centres for distant 
referral 


Slide 78 - Vehicle Selection 

*The vehicles used for transport should ideally have the appropriate capacity, 
but they need to also be available in number and location and suitable for 
transporting patients. 


Slide 79 - Evacuation Decisions 

*Transport decisions will be guided by triaged priority, by treatment extent, and 
by transport destination. The order of the evacuation may not necessarily be in 
priority triage order 


Slide 80 - Destination 

*This will be determined largely by the receiving hospitals, where they are, 
what their capacity is, what specialist services are available 

*And again, sometimes it is better to spend a little bit of time on scene 
stabilizing the red codes before moving them to a further away in a priority 
specialist centre, then rushing all of them to the nearest hospital, overlearning 


the system. Therefore, cross communication from hospital to ambulance control 
is essential 


Slide 1 - The identification and syndromic management of snakebite in 
SA 

*common problem in Africa in general and SA in particular 

*face 5-10 snakebites a week during the busy season - Summer 

*every practitioner needs to have a safe approach to the management of snake 
bites 


Slide 2-artsy piece 

*snakes have been with us since the beginning of time and have always caused 
fear and agitation 

*as such interactions between man and the snake have always been negative 
*either people killing snakes or snakes attacking and biting humans usually 
because the human is at fault in the first place by stepping on the snake 


Slide 3-SA and snake images 

*over 160 species of snakes in SA HOWEVER, approximately 20 are only 
dangerous to man 

*no more than 5/6 are potentially lethal 

*death from snakebite is very uncommon but morbidity is significant 

*top right = black mamba (black NOT because of skin colour but because of the 
inside of the mouth) 

*lower right = fangs of puff adder 

*commonest bites that we see of any significance of SA is as a result of these 
cytotoxic snakes 


Slide 4-snakes in SA 

*classified into 3 GROUPS - Can think of these as the A’s, B’s and C’s of 
snakebite 

*A’s are the adders or vipers - usually have quite long fangs, anterior fangs, 
almost a hypodermic needle, and they lead primarily to a cytotoxic reaction, 
blistering, cellular damage and tissue necrosis, may have some neurotoxic or 
neurological S/E (side effects), may also cover some haematological S/E but that 
is not their primary injury mechanism, keeping in mind that all snake venom is a 
mixture of proteins 

*Front fanged: mambas and cobras - next big group, small non-mobile fangs, 2 
types of cobras: spitting and non-spitting cobras, the spitting is largely cytotoxic 
with some neurotoxic component whereas the non-spitting cobras such as the 
Rustle’s cobra, Cape cobra and forest cobra are primarily neurotoxic leading to 
respiratory complications because the breathing system is affected 

*Back fanged: Boomslang (uncommon) - snakes that affect the bleeding and 
coagulation system such as the boomslang, they have posterior fangs and they 
have they cause primarily a hemotoxic reaction, they hemotoxic snakes can 
cause a rapid pathology but most of them you'll have some time to identify the 
patient with a hemotoxic reaction and provide appropriate monovalent anti- 
venom 


Slide 5-Envenomation syndromes 

*as mentioned there is selection of envenomation syndromes from bleeding to 
progressive painful swelling to progressive weakness 

*in the picture you see the relative involvement of the various types of snakes 


Envenomation Syndromes 
Blaylock R PhD 


Bleeding Progressive Painful Progressive 
Swelling Weakness 
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*the non-spitting cobras, black mamba and green mamba are primarily 
neurotoxic causing progressive weakness 

*the adders, the spitting cobras and the berg adder are progressive painful 
swelling 

*the berg adder does have some weakness particularly of the cranial nerves, as 
may the spitting cobras 

*the berg adder as well as the puff adder also have some overflow into the 
bleeding complications 

*the boomslang and the vine snake are primarily bleeding complications and 
very little else 

*one can also see that the black mamba, the gaboon adder and non-spitting 
cobras have the highest threat to life 

*whereas the puff adder being the most common of the vipers is the one that 
most probably leads to the most limb loss 


Slide 6-images of snakes, limbs and face 

*the puff adder and berg adder are 2 of the vipers 

*from the wounds that they create there is blistering, there may be 
myonephropathic syndrome, and the patient may have significant eye effects 
*importantly the puff adder is covered in the anti-venom, the berg adder and 
night adder are not - they are treated symptomatically 


Slide 7-Night adder, stiletto/Natal Black 

*classically the night adder is known with a front “V” on its head 

*Other 2 snakes that are fairly common in KZN, that have NO anti-venom 
available BUT are causes of minor tissue necrosis are the Natal Black snake and 
stiletto snake 

*the stiletto snake classically has fangs that face out to the side, and if someone 
tries to catch the snake it reverse bites you through the piston on its head also 
known as a burrowing asp 


Slide 8-Case study -stiletto snake bite: Mr BK 

*HERE is the day 1 through day 20 of a patient with a stiletto snake bite 

*he tried to catch the snake and the snake zapped him on the thumb 

*on 3 days down the line quite a bit of SKIN NECROSIS 

*a week after that was appropriate dressings and the wound healed up 
somewhat 

*improved over the next few days 

*and at the end of the 2"? week, there was a small area of residual necrosis on 
the thumb which was a excised and the thumb was then sutured 

*this patient did not require anti-venom and did not require plastic surgery and 
did not require amputation which are some of the very common errors in the 
management of these bites 


Slide 9-Rinkals, Mozambique Spitting Cobra 

*Spitting cobras, Rinkals on left 

*Mozambique spitting cobra on the right (M’fezi) 

*they are very accurate in terms of spitting their venom usually towards the 
victims face 

*it is a defence mechanism and usually implies that you are threatening them 
*the treatment is DILUTION (dilution is the treatment of pollution) - use water 
or milk and irrigate the eyes for 15 to 20 minutes 

*and to give this patient local anaesthetic eye drops during this procedure 
because it is really painful 


Slide 10 - 2images, Boomslang 

*the Boomslang as we mentioned is hemotoxic 

*classically described as a pretty green snake with big blue eyes although it 
does come in various other patterns, depending on where you are in SA 
*Classically, there will be haematoma that occurs at the bite site and minimal 
other changes 

*BUT it leads to a consumptive coagulopathy and the patients then later 
presents usually within 72 hours with bleeding from their gums, bleeding into 
joints, and bleeding from mucosal surfaces 

*important thing about the Boomslang bite is that it has a specific monovalent 
anti-venom which is in short supply and can be ordered from a number of spots 
around the country but mainly will be flown down as necessary by the South 
African Vaccine producers 


Slide 11-Snake Bite in SA - graphs 

*when do snake bites happen? Generally, in the hotter months (January to April, 
October to December) because snakes are cold blooded and they come out they 
looking for heat or they busy mating and people step on them and interact with 
them during this time 

*as you will notice from the age distribution it is largely children and young 
adults who are affected - because young adults try to get clever and catch the 
snakes 

*children accidentally step on the snakes or snakes attack them during sleeping 
episodes particularly the spitting cobras have a bad habit of curling into your 
blankets with you and if you move they give you a bite 


Slide 12-Classification of snakebite 
*there are 2 types of snake bites 


*those that are legitimate bites: chance encounter - child steps on a snake, 
snake withers away after biting 

*illegitimate bites: these are usually bites on snake handlers or people trying to 
catch the snakes, usually with a known identifiable snake, often these bites are 
in the people that breed or collect snakes 


Slide 13-Snakebite in SA management 

*there is a lot of anecdotes but very little evidence based medicine 

*the fact that someone has been bitten by a venomous snake is NOT the same 
as envenomation 

*a lot of the bites are defensive bites, known as a dry bite because the snake 
has the ability to control release of the venom 

*the most common in envenomation is PAINFUL SWELLING SYNDROME 
*Mortality rate is LOW but not really known in detail 

*management is largely based on syndromic approach 

*the sensitivity and severity of the injury is largely related to the amount venom 
injected, whether or not the patient is sensitive (for example, snake handlers 
can develop an anaphylaxis due to repeated exposure), and the venom: mass 
ratio (a similar bite between an adult and a child will lead to much worse 
envenomation in the child, although the same amount of anti-venom is required 
to treat the adult and the child) 


Slide 14- 2 images (child in hospital bed and brown snake) 

*picture of a child 4 or 5 years of age who was bitten by the black mamba on 
the leg 

*the snake was only about 30cm long - juvenile snake 

*as of which the child ended up on a ventilator 

*gave polyvalent anti-venom and was able to wean and extubate the child after 
48 to 72 hours 


Slide 15-Management of snakebite 

*importantly, 90% of snakebites can be managed conservatively with analgesia 
and reassurance preferably without the use of morphine/ NSAIDs because 
NSAIDs can lead to bleeding and morphine can enhance the venom effect if 
neurological venom 

*get the patient to appropriate medical care, minimum observation time for 
minor bites is 6 hours, but ideally if you can keep the patient in hospital for 24 
hours 

*in terms of pre-hospital care, there is a lot of controversy about whether to 
immobilise the limb, whether to prevent muscular activity, and the role of a firm 
pressure band 

*probably the most reliable is a firm pressure bandage applied from below the 
bite to the top of the limb and back down again, of sufficient pressure to 
occlude the lymphatics because most snake anti-venom is transmitted in the 
lymphatics rather than the veins and arteries 

*the role for a tourniquet is very minor, it is really only really applicable in 
patients with either a black mamba or a cape cobra bite who are more than 45 
minutes away from definitive care and because it may cause neurological 
symptoms - there may be a role for it 

*however, if you are using a tourniquet it has to be released temporarily every 
90 minutes and need to try and achieve hospital access within a similar time 


frame 

*some of the controversies in hospital care is the role of prophylactic antibiotics 
- for the most part they are not warranted in the early phase 

*what is warranted is tetanus toxoid in people who have been tetanus 
immunised 

*the role of fasciotomy for the cytotoxic bites is also controversial, and it is easy 
to err on the side of caution or at least do fasciotomy ONLY after measuring 
compartmental pressures 

*a small percentage of bites require anti-venom administration (discussed 
shortly where that role is) 


Slide 16-Immobilstation of limb 
*Study by Blaylock showed that immobilisation of the limb in the cytotoxic bites 
was counter-productive 


Slide 17-Mobility and venom induced damage 
*those who had the opportunity to walk, and swim had less necrosis of their 
limbs when injected with the venom 


Slide 18-Tourniquet in snakebite 

*is an area of controversy 

*the sole indications are illegitimate bite from a neurotoxic snake within 90 
minutes of hospital 

*because if you leave the tourniquet on, you will cause a dead limb 


Slide 19-prophylactic antibiotics 

*most venom has antimicrobial properties 

*Blaylock again - did swabs from various snakes and 52% of them were positive 
for bacteria 

*and these are the bacteria we often see in ICU patients but the bacteria are 
very scanty in healthy snakes 

*so there is a place for antibiotics in patients who have a significant risk of 
infection - usually not in the initial phase but subsequently when the necrosis 
occurs - usually 2/3 days down the line 

*do not routine advocate for routine antibiotic prophylaxis but rather empiric 
therapy 


Slide 20-Antivenom 

*the anti-venom is very important 

*there is the need to give it on the basis of signs and symptoms and certainly 
patients who are having signs and symptoms of a life threat/limb threat should 
be offered anti-venom 

*the polyvalent anti-venom covers most of the adders, cobras and similar snakes 


*whereas the Boomslang is covered by a single monovalent anti-venom 

*the difference as well is how much you need to administer 

*remains effective as long as the venom is active and as such can be given up to 
48 to 72 hours post bite especially important in neurotoxic envenomation 
*highly allergenic, and up to 60% if patients will develop some sort of allergic 
reaction to the anti-venom 

*importantly there is no need for a test dose 

*it must be administered in a resuscitation or an ICU area with cardiac 


monitoring 

*what has been shown to reduce the allergenic effects is a SUBCUATNEOUS 
PROPHYLAXIS of 0.25mg of ADRENALINE 

*there is no benefit to early administration of steroids or anti-histamines as 
these may actually reduce the effectiveness of the anti-venom 

*importantly, it is dose independent of patient mass > it is to deactivate the 
venom itself 

*for progressive painful swelling - 40-60ml/ 4-6 ampules are given 

*for progressive weakness - starting at 80ml or 8 ampules is the minimum dose, 
most of the time one has to increase that to 120ml or 12 ampules 

*there is a role for NEOSTIGMINE/GLYCOPYROLATE in some of the cobra 
bites, but not in the mamba bites to reduce the effect that it has on the 
neuromuscular junction 


Slide 21-Compartment syndrome and fasciotomy 

*Most bites are subcutaneous as a result of which the venom spreads in the 
lymphatics 

*compartment syndrome is therefore uncommon 

*it is skin and subcutaneous tissue blistering and necrotic, not the muscle 
*however, in children, it is more common that compartment syndrome may 
occur because the bites may be deeper 

*it is however mandatory to measure the direct pressure in the compartment 
before rushing a patient to fasciotomy 

*fasciotomy may be required not only for the classic calf or forearm 
components, but also the carpal tunnel, even the fingers and toes 

*image on R shows a standard calf fasciotomy, the other side of the leg will 
have a similar incision 

*2 skin incisions each releasing 2 compartments 


Slide 22-2 images (forearm, and thigh) 

*L - forearm compartment syndrome 

*R - progressive swelling to above the knee but no compartment syndrome 
present 


Slide 23- Spider bites 

*spider bite and scorpion stings 

*there are really only 2 significant toxic spiders that we see in SA 

*one is neurotoxic and for which there is an anti-venom - BLACK/BROWN 
WIDOW SPIDERS, also known as BUTTON SPIDERS 

*The Latrodectus species - have a neurotoxic venom which is primarily in the 
female and they produce an extremely painful bite, which leads to sweating, 
abdominal pain, weakness and in children may lead to screaming episode 
*importantly, benzos and opioids potentiate the effect of the venom, and should 
not be used as analgesia etc. 

*VIOLIN SPIDER (LOXOSCELES) - usually occur as bites during sleep, 
classically the venom is cytotoxic and they develop a necrotic ulcer 
*unfortunately, there is no anti-venom available, one has to wait until the wound 
has declared itself and then debridement and/or skin rafting may be necessary 
*there is a small role for an anti-leprosy agent called dapsone in reducing the 
amount of necrosis 

*BABOON SPIDER is a common pet in many SA homes, and yes it can bite you, 


but is a harmless bite that is of no consequence and does not require any 
further treatment 


Slide 24-scorpion stings 

*the ones that worry us are those found in the west of a line drawn down 
through Bloemfontein as a result of the PARABUTHUS CAPENSIS or stings as a 
result of scorpions found in the northern Transvaal area around the Kruger 
National Park - PARABUTHUS TRANSVAALICUS 

*Most of the scorpions found in KZN, have large pincers and a very small tail 
and while they can give you a burning pain they do not have the fatal potential 
of the PARABUTHIS species 

*They lead to hyperesthesia, ataxia, tremors and weakness. There is some 
degree of dysarthria, and dysphagia so the children may present with drooling. 
They may give you abdominal cramps, as well as a form of pancreatitis 

*there is an anti-venom available, but once again like the neurotoxic spider bites 
preferably DO NOT use morphine or benzodiazepines as this has also been 
shown to potentiate the effect of the sting 

*what can be useful is IV calcium chloride/ calcium gluconate as it reduces the 
painfulness of the bite as it chelates the venom 


Slide 25: Child with snake in bucket 

*FINALLY, you have to look after your snakes 

*it is not necessary to kill snakes if you come across them, there is no need to 
fear them, they are more fearful of you than you are of them 

*stay clear of snakes, have a safe approach to patients with snake bite 

*don’t forget there is always someone at the end of the telephone who can give 
you advice 


These include asthma, acute anaphylaxis, and acute poisoning. 


PART 1 - ASTHMA 


The asthma module relates to the South African 2013 asthma management 
guideline, which focuses on the management of acute, moderate, and severe 
asthma. 

Keep in mind, however, that the differential diagnosis includes decompensated 
COPD, acute cardiac failure with so called cardiac asthma as a result of 
crepitation’s and wheezing and anaphylaxis, which can also cause bronchus 
spasm. 


The SAMJ in March 2013, was the journal in which the two South African 
guidelines were published, both one for adults and for children. 


The issue with severe asthma is exactly that. It's about severity. We're not 
talking here about your average asthma patient. And that's approximately 10% 
of the average population who occasionally needs to use they asthma pump 
once or twice a week and are okay in between. 


The primary problem with acute severe asthma is that there's a new 
inflammatory exacerbation. It is a pathology of exhalation as a result of 
inflammation. The issue here is identifying the patient who is in severe asthma, 
or more importantly, as marked in the red block > The patient who's ina 
scenario of imminent respiratory arrest or so-called life-threatening severe 
asthma. 


Asthma is best defined as expiratory bronchus spasm resulting from an 
inflammatory change. The inflammation is usually a new onset viral infection 
and therefore, exacerbations of asthma usually occur or commonly occur during 
seasonal change. 


When classifying asthma, it's important to decide whether the patient’s 
exacerbation is a mild, moderate, or severe type. 

Mild Exacerbation: if they're able to talk comfortably, although they may be 
agitated and have bronchus spasm, they usually will not be tachycardic. They 
will usually not have a significant pulses paradoxus. And when you get them to 
exhale using a peak flow meter after an initial Bronchodilator, they peak 
expiratory flow will be at or above 80% of predicted. These patients will not 
have an abnormality found on the blood gas and usually will respond fairly 
rapidly to a boosted dose steroids and some bronchodilator therapy. 


Moderate exacerbation: has some issues talking, preferred to be sitting, talk 
in phrases rather than full sentences and have some degree of physiological 
compromise. Either a tachycardia or pulses paradoxes, but usually less than 
20mmHg. And when, when tested we will find that their peak expiratory flow 
(PEF) between 60-80% of predicted. Once again, they would have an acceptable 
blood gas with a PaO2 > 60mmHg/ 8 kPa and a PaCO2 within the acceptable 
normal range of < 45mmHg/ 6kPa. Their saturations will remain within the 
acceptable range of greater than 90%. 


By the time the patient has an exacerbation of asthma that is classified as 
severe, they are usually breathless at rest. They can often only express 
themselves through words between breaths. They're usually very agitated. They 
may also present with tachypnoea, which leads to expiratory stacking. And this 
is why they develop an increase in the end tidal CO2 or the PaCO2. Additionally, 
they will be particularly tachycardic because they're trying to mount a 
physiological response to this information. They might have a profound pulses 
paradoxus and their expiratory flow rate will be <60% of predicted if they're 
even able to perform at all. And for the first time in the patient with severe 
asthma, there may be episodes of desaturation to < 90%. 


However, it is important that we do not get caught out by the patient who's in 
respiratory arrest/imminent phase: They might actually have the absence of 
WHEEZE They might have a Bradycardia that is unexpected. And most 
importantly, they may have a silent chest and be drowsy or confused. They may 
also have a paradoxical movement because of diaphragmatic breathing with 
impaired function of the respiratory muscles. These patients are in deep trouble 
and should be intubated, ventilated, and transferred urgently to an intensive 
care environment. 


PEFR 

Demonstrated in the image is a handheld peak flow meter measuring in litres 
per minute. And in the right image is the South African nomogram, the NUNN 
and GREGG nomogram for peak expiratory flow rate for men and women 
depending on age and height. 

This is a useful tool to carry when dealing with medical emergencies 


The patient who is at high risk of readmission or severe asthma are those with 
current use OR recent withdrawal of steroids which are used as a booster 
inflammatory suppressant. Those who've recently been in hospital, those who 
recently had resuscitation or required and an ICU admission, in other words, 
severe attack or those who have so called brittle asthma. 

Additionally, patients can become tolerant of a Beta-2 agonists, therefore, 
excessive/increasing use of the beta-2 agonist may place them at further risk. 
Those with psychosocial problems and poor medication adherence are naturally 
at risk as well 


Criteria for ET Intubation/ICU Admission 


Those with the acute risk, severe, life-threatening type asthma with an 
impending respiratory arrest. These are patients who are often quiet and 
unassuming with a silent chest but may be bradycardic as well as have 
bradypnea. Poor Response to initial therapy at the lower level of care or in the 
back of the ambulance is also a worrying sign. 


Management of Asthma Table 


The management depends upon whether or not there is improvement in the 
signs and symptoms. 


- On the left at the top is an indicator of the baseline assessment what you 
as the clinician should be doing for the patient presenting with an 


exacerbation of asthma >Firstly, classify it. Is it mild, moderate, or 
severe? 

- The initial treatment after the baseline assessment is the same across the 
board 

- nebulize, nebulize, nebulise or 20 PUFFS with a large volume spacer and 
a multi does inhaler. 

- Initiate 8 oral or intravenous steroids as soon as possible, and certainly 
monitor the patient. 

- Ifthere is improvement by probably in the mild or moderate, category, in 
which case you can consider sending them home on oral medication 
(centre block). 

- Ifthey do not improve, then continue to nebulize every 20 minutes. 
Adding epotropium-bromide and considering the use of oxygen 
supplementation rather than just air driven nebulisation. 

- Ifthere is still no improvement, then you need to consider the second, 
third line, drugs such as magnesium-sulphate, higher doses of 
hydrocortisone, an assessment of blood gases and consider even the use 
of other drugs like ketamine and possibly transferring the patient to an 
intensive care unit 

- For those that present in the severe category and particularly with those 
who are at high risk. They should be transferred urgently to a high care 
or ICU type scenario where they can have continuous nebulization, where 
they can be a consideration for the use of aminophylline, or ketamine or 
other drugs as third line therapy. 

- Again, magnesium-sulphate may be repeated at this point 


The goal is to achieve improvement and to prepare the patient for discharged to 
home with oral booster doses of steroids. 


Treatment Options 


First-line therapy: oxygen by face mask or nasal cannula, and then the use of 
beta stimulant either via nebulizer, or via multi does inhaler. Oral prednisolone 
if the patient can swallow or intravenous hydrocortisone, if not. These 
arestarted concurrently to achieve a rapid resolution. 


Second Line: The epo-tropium bromide is added if after 4 rounds of beta 
stimulants there has not been an adequate response. It can also be provided 
through a multi-dose inhaler. 

Ideally even in adults, this should then be administered with a spacer device. 


Third line: is your intravenous magnesium sulphate. And in the ICU 
environment, the use of intravenous aminophylline. This is the one controversial 
aspect of the South African protocol as aminophylline has been removed from 
all other international recommendations. And when this 2013 document was 
published, there was a fair amount of discussion in the literature as to whether 
it was truly evidence-based. 


Fourth Line: intravenous salbutamol. Initially IV 0.25mg and then a 
maintenance infusion. 


Fifth Line: If all of these fail ketamine infusions or intubation and ventilation 
may be required. It is important to realize however, that if you intubate and 


ventilate the asthma patients a slower vent setting, allowing adequate time for 
exhalation is essential. Minimum PEEP should be offered, but a 0 PEEP option is 
no longer considered acceptable. 


Ketamine remains recommended for intubation and anaesthetic gases as a 
fourth line may be required for severe cases. The classic anaesthetic gas that 
has Broncho dilatory characteristics is halothane, but other more modern 
anaesthetic gases also have this effect. 


Moving on to children. 
Well, the classifications are pretty much the same. 


The first two columns will show you that the signs and symptoms for life- 
threatening, severe, and moderate asthma, and the signs and symptoms that 
present are pretty much identical to the adult. 


The big difference in the measurements is that the child can tolerate a lot less 
Peak expiratory flow rate then the adult, whereas the adult for moderate 
exacerbation is < 60, the child will have <50. 

For those in the 33 to 50% range, they are at the severe category life > 
threatening asthma presents with those who are either unable to perform a 
peak flow measurement or where it is only <1/3 of predicted. This shows 
greater tolerance so while it is as much at risk, the child can be treated more 
aggressively and usually responds more effectively. 


The indications in children for admission to the paediatric ICU, are the same as 
for adults. Spacers must be used as demonstrated in the image. 


In children start with 2 puffs of a beta agonists through a spacer. And 
repeat these every 15 to 30 seconds, making sure that 5 breaths are taken 
between each set of puffs. 

Again, IB (ipratropium bromide) can be added and if necessary, it can 
eventually be continuous nebulisation 

Intravenous salbutamol in children is 15micrograms/kg in ten whole saline over 
10 more minutes, and then follow it up with an intravenous infusion, as 
demonstrated in that table. 

Magnesium sulphate can work as well as an aminophylline > the aminophylline 
is only to be used in the ICU. Something which is missing from the adult’s 
protocol. 


The management algorithm for the treatment of asthma and children is 
presented in the next few slides. You will see that the principal is like with the 

adults: If the patient improves, you are stepping them down to the next level of 
care 


- Provide face mask oxygen for those with moderate and severe and life- 
threatening asthma. 

- Use the standard therapies and then reassess your patients 

- Ifthe patient is not better, intubate and ventilate. 

- Ifthe patient has incompletely improved, repeat the treatments 

- if there's a good response, planning for discharge home. 

- Those who did not respond very well should be admitted to the ward, 
whereas those with acute severe asthma require admission to an ICU. 


PART 2 - ANAPHYLAXIS 


Anaphylaxis is a significant allergic reaction as a result of mast cell 
degranulation due to priming by antibodies of the IgE to that antibody. 


Having an epipen means you need to have someone who knows how to use it 
and when to use it. 


Anaphylaxis is divided into four classes, each being more severe in signs and 
symptoms than the preceding class. 


Anaphylactic shock is class three and class four. Anaphylaxis is class one 
and class two. 


You will see that many people will have an allergic reaction in the class 1 
variety with itchy skin, flushing of the face, a bit of a sore throat, and some itchy 
bumps 

By the time you have nausea and cramping, runny noses and other signs and 
symptoms, one is progressing to anaphylactic shock and adrenaline means to 
be administered to reverse this trend along with steroids. 


Sy mptoms 
Grade Dermal 1 bdominal Respirator) Cardiovascular 
I Pruritus 
Flush 
Urticaria 
Angioedema 
I Pruritus Nausea Rhinorrhoea Tachycardia (> 20 bpm) 
Flush Cramping Hoarseness Blood pressure change 
Urticaria Dyspnoca (> 20 mmHg systolic) 
Angioedema (not Arrhythmia 
mandatory) 
MI Pruritus Vomiting Laryngeal oedema Shock 
Flush Defecation Bronchospasm 
Urticaria Diarrhoca Cyanosis 
Angioedema (not 
mandatory) 
IV Pruritus Vomiting Respiratory arrest Cardiac arrest 
Flush Defecation 
Urticaria Diarrhoea 


Angioedema (not 
mandatory) 


bpm = beats per minute. 


Emergency Management of Anaphylaxis 


In 2015/16, the allergy Society of South Africa, together with the resuscitation 
council, updated they anaphylaxis protocol. This is the standard of care for 
South Africa. 


If an adult or a child presents with acute respiratory difficulty as described with 
signs of shock and if they are suspected or known to have an underlying allergy 


= Drug of choice remains adrenaline, 


thigh, or the use of an epipen, an auto-injector for those over the age of six 


years - adult dose Of 0.3ml repeated every five to 15 minutes. And for less than 


six years, half of that does. (0.15ml) 


It is important to monitor the patient consistently, administer high flow oxygen 
to ensure adequate oxygenation. Consider intubation or cricothyroidotomy 
if necessary, but certainly maintain a patent airway 


Take vital signs readings, monitor the patient with a constant ECG and 
place them supine with the legs slightly elevated or in a position of comfort. 
Make sure that you have adequate IV access because intravenous 
administration of ringer’s lactate/Balsol together with corticosteroids, 
further adrenaline and possibly Promethazine are next line of therapy. 
H2 receptor blockers are an alternative, as is glucagon. 


And if the patient has Bronchospasm as with asthma sufferers, they should be 
offered, salbutamol w. ipratropium nebulisations. 


Realize, however, with the use of antihistamines alone, reduce the symptoms 
without relieving the life-threatening signs of anaphylaxis. Please make sure 
that you use adrenaline as first line and that you administer corticosteroids. 
Antihistamines are purely symptomatic relief and have been associated with 
significant risk for progression of the anaphylactic reaction. 


PART 3 - POISONS 


There is a national poison service (086 155 5777) and this is something that 
should be on your phone and available for you to use. 


The management of poisoning pretty much comes from a 2011 article that was 
written by Daniel van Hoving and his colleagues at the poison centre. This 
provides a good overview of the South African consensus on how toxic ingestion 
should be managed. 


There are a number of compounds that are of high inherent toxicity. Things that 
kill no matter what. Everybody is aware of carbon monoxide. When people 
stuff and hose pipe into the back of their exhausted and into the car and try and 
commit suicide or take organophosphate poisonings. They certainly carry a 
higher mortality. But there are some other toxins that are classically shown to 
be like cyanide, made up to be a fancy poison that you take to commit suicide, 
but that's not the case. The majority of cyanide poisonings are seen in cclosed 
space burns because they cyanide in smoke. Digoxin is a commonly utilized 
medication. And if little Johnny gets hold of grannie’s medicines, the risk is 
there of an overdose. Isoniazid is used as the treatment of TB and again, it can 
be a drug of abuse. The heavy metals are well-known as both homicidal as well 
as Suicidal drags. Lithium is used and iron as well are used as therapies. The 
magic mushrooms like amanita phalloides are a common source of 


overdose as is paracetamol, the salicylates. And in patients taking asthma 
medication, the risk of theophylline overdose is significant given its very 
narrow therapeutic index. 


Summary of 4 four common toxicdromes 


Now there's an easy approach to remembering this. There is a pro-drome and 
anti-drome. 

The anti-cholinergic toxidrome is the opposite of the cholinergic toxidrome. 
Cholinergic Toxidrome is common with your organophosphate poisonings. And 
this is all the things that go wet > your patient will be confused, a bit sleepy, 
narrowed pupils, sweaty, salivary, dribbling, Lacrimation, Bronchorrhea, wet 
chests, pulmonary oedema, usually a Bradycardia rather than a tachycardia, 
vomiting, diarrhoea and urinary and faecal incontinence and there may be 
muscle fasciculations 


The treatment of these conditions is with an anti-cholinergic and the anti- 
cholinergic of choice is atropine, which you will see is listed as an anti- 
cholinergic common cause of the syndrome. And this is what you want to see 
when you're treating a cholinergic overdose. You give sufficient and atropine 
until the pupils dilate, until the temperature comes up, until the chest is dry, 
until the skin is dry, until the pulse rate comes up. 

Drugs of abuse or drugs of overdose that cause these signs and symptoms 
commonly are the antihistamines, the anti-Parkinson agents, the anti- 
psychotics, and the cyclic antidepressants such as Amitriptyline, as well as 
the magic mushrooms and the certain plants. 


On the other hand, the CNS depressants are things that make you sleepy, slow, 
and constipated while the CNS stimulants make you rather hyper. 

Your CNS depressants cause decreased mental alertness, meiosis, hyporeflexia, 
hypothermia, respiratory depression, hypotension, and bradycardia, as well as 
constipation. And this includes opioids, benzodiazepines, to a certain extent, 
clonidine, especially if taken insignificant overdose and ethanol. Amitraz, is 
fortunately something that is less common in this country. 


The stimulants, on the other hand cause delirium, delusions, paranoia, seizures 
raised temperature, and the classic one causing all of those, as well as 
Mydriasis is your ecstasy type drugs. Your drugs of abuse at parties. Also, 
includes the methamphetamines, overdose of methylphenidate, which is 
very commonly prescribed for ADHD, as well as your Beta stimulants that can 
also cause a degree of diaphoresis, piloerection, certainly tachycardia, and 
hypertension. 

The risk of dysrhythmias is fairly universal across the board, but particularly 
present in the systemic stimulants. 


Management 

For the vast majority of toxic ingestion, the management is supportive care, 
with the management of ABC. 

There is a place for drug elimination, either through dialysis or considering 
multidose activated charcoal/MDAC. But these largely apply in the case of 
ingestion where the patient presents within one hour. 

After this, the management with either gastric lavage or activated charcoal 


becomes less clear. So don't make things worse, don’t use ipecac syrup, do not 
induce vomiting, and do not routinely use gastric lavage or single dose activated 
charcoal as it is of no benefit. 


For some of the toxins, a blood results can give you an answer as to whether 
or not these are the toxins that had been taken. So, your anticonvulsants, 
Carbon Monoxide on a blood gas, digoxin, iron, lead, and lithium levels 
can be measured specifically. Paracetamol and salicylate can be 
measured in urine or blood. And theophylline is a, a monitor for asthma 
control. The toxic alcohols such as methanol can also be measured. 


In terms of the treatment: there are certain things that are not absorbed by 
activated charcoal and where it is useless to use this - alcohols, alkalis, cyanide, 
lithium, and petroleum distillates, as well as the heavy metals. 

So, your patient who takes an overdose of sleeping tablets and alcohol should 
not receive activated charcoal. 


Stepwise Approach to decrease the bioavailability of a toxin 


Decontamination includes washing off and lavaging any residual on the 
exposed surfaces while providing adequate Personal Protective Equipment. 


One can consider some form of exposure reduction, such as emesis for tablets 
ingestion, gastric Lavage, again, early after tablets ingestion 


Single dose activated charcoal, which as we've mentioned is not advised. 


Whole bowel irrigation, the same as one would prepare a patient for 
colonoscopy or colon surgery using polyethylene glycol to wash out the gut and 
hopefully eliminate it. 


Ideally, some form of dialysis or colonization may be useful depending on the 
toxin. 


Antidotes 


Despite the common thought that antidotes are available, there are actually 
very few drugs for which specific antidotes exist 


- One for treating beta blocker and calcium channel blocker 
overdoses, which is insulin and glucose/glucagon and the 
administration of calcium. 

- The cyanide antidote, which is this tripac-cyanon and the others are 
not available. 

- The use of calcium gluconate for hydrofluoric acid overdose. And this 
is very important if you're working in KZN, because the factory with the 
highest production of hydrofluoric acid in South Africa is based in the 
Durban South basin. 

- For isoniazid, the antidote is pyridoxine, which can only be 
administered orally. 

- Methanol one can administer folic acid, glucavorin or ethanol. And 
this was one of the reasons why the berrtjies down in Cape Town used to 
buy methylated spirits, pour it through, play, bread, and drink the 


methanol, knowing that when they arrived at hospital, the treatment was 
intravenous ethanol. That way they could get their highs. 

- For opioids and for benzodiazepines, there are specific antidotes, 
namely naloxone, and flumezanil. 

- And obviously for paracetamol, there is N acetyl cysteine. 

- Although it's not really an antidote. The treatment of organophosphate 
poisoning is atropine, and this is freely available. 


High Risk Factors for Self-Harm 


Some patients present with further risk factors for self-harm. In particular, 
those who are male of older generations with a recent loss of either life partner 
or employment, along with history of depression and the possibility of either 
terminal illness or chronic illness, may well be planning they suicide. 

Again, evidence of planning such as a suicide note or hoarding of drugs, as well 
as precautions against being discovered, which suggest a serious attempt at 
self-harm. These patients should be referred to psychological and psychiatric 
surgeon services to prevent a recurrence of this event. 


Disposition: All toxidrome patients and certainly all patients with significant 
anaphylaxis should at least be an overnight admitted, whereas those with 
severe asthma should be admitted as per the flowchart in the protocol. 


LECTURE 17 - INITIAL APPROACH TO BURNS PATIENT 
Type of Burns 


- Thermal: hot liquids (scalds) > most common in children starting to walk, 
flame > common in adults due to housefires or industrial burns, contact 
> direct contact with hot surface, explosion > due to terrorist or civilian 
injuries from paraffin stove explosions 

- Electrical: low voltage (<1000 volts) > associated with cardiac 
arrythmias, high voltage >1000 volts, lightning > extremely high voltage 
in an extremely short period of time in milliseconds 

- Chemical: alkali, acids, other corrosive materials e.g., cement 


Mechanism of Injuries in Children in the Paediatric Trauma Registry (US Based) 


- burn injuries are particularly common in 1-2year olds 


Management Principles 


-assess size and depth of burn 

-in children: assess weigh 

-minor burns 

-major burns: resuscitation, management of the wound (escharotomies, 
dressings), referral riteria, management in the ward 

-late referral criteria 


The Burn Wound - Physiology 
Described according to the 3 zones of Jackson: 


-zone of coagulation > where the coagulative necrosis is taking place 

-zone of stasis > where cells are damaged, and vessels are contracted. Picture: 
contact burn blister from touching a hot plate. Zone of coagulation is the blister 
where cells have dies. Hyperaemia is around blister. White halo in between 
hyperaemia and blister is the zone of stasis 

-zone of hyperaemia > Around the burn, you have area of healthy tissue and 
hyperaemia where there’s an inflammatory reaction and dilated vessels 


Picture: what type of a burn is this? 


Patient is a 4-year-old child who pulled a hot kettle and hot water fell over his 
clothes. You first need to debride this burn but have to give a cocktail prior: 
8mg/kg ketamine in panado syrup normal dosed & midazolam to abolish 
emergency reaction to ketamine but that isn’t necessary for young kids because 
that situation happens usually when child is > 8years old : wait 20min then take 
dry swab and wipe dead tissue and blisters. Burn is usually bigger than you 
initially thought 


Afterwards, use chlorhexidine (or hypochloric acid) on the burns then you will 
see the actualy size of the burns. 


Superficial Partial Thickness Burns 


-Loss of epidermis (melanocytes are between epidermis and dermis) > dermal 
burns 

-Red/pink dermis, no fat visible 

-after removal of blisters and dead skin, no eschar present 

-extremely painful 

-blanches on pressure unlike deep burns 


Deep Partial Thickness Burns 


-eschar thick and firm white: layer of dead tissue 
-white, yellow, or brown 

-usually does not blanch on pressure 
-moderately painful 


Moderate Partial Thickness Burns 


-in between superficial and deep partial thickness burn 
-eschar white, usually pink tissue visible 

-flimsy layer of eschar 

-painful 

-blanches on pressure 


Management: expectant - 70% heal spontaneously and 30% will need a skin 
graft 


Full Thickness Burn 


-hard leathery eschar 
-yellow, brown, or black 
-no blanching on pressure 
-moderate pain 


Picture: circumferential burn that reached necrosis 


Burn Depth Classification 


4" degree burns - involves fascia and muscles; commonly seen in electrical 
burns or burns in epileptic fit where they didn’t remove themselves from 
fires/site of injury because of the post-ictal state 


Assessment of the Burn: in adults, use Wallace’s rule of nines for size of burn 
expressed in percentage of total body surface area 


Calculate TBSA on patient (picture): head is 4.5%, anterior and posterior chest 
is both 9% (so 18% for chest), 1⁄2 % on one arm, 4% on other arm = 27% 


Amount of fluid given to patient is dependant on size of the burn so the person 
who will have 20% will get % amount of fluid as a person who has 30% burns 


Use Vula app to calculate burns for referral and to ensure accurate calculation 
of % of burns 


Assessment of Burns: in a child, us Lund-Bowden Chart 


% Total Body Surface Area Burn 


Be clear and accurate, and do not include erythema 
(Lund and Browder) 


REGION 


Weck |_| 
ant. rank | | 
Post. trunk] | 
FRightarm |_| 
Tram | | 
Buttocks || 
C 
Rime |_| 
Teneo |_| 
Toan | | 


c= noronevowennes | 2% | ee | æ | o [oe o 


Picture 1: superficial, partial thickness burn caused by scald 

Picture 2: Full thickness burn all around, no patchiness of superficial or partial 
thickness burn. Burn cause is inflicted by someone. Patient was a female Indian 
child who was wearing a cotton sari, but a silk sari caught on fire. (NAI is highly 
suspected) 

Picture 3: Mixed partial thickness burns > moderate partial thickness burns 
with areas of whiteness (superficial burn), right in the middle of the chest there 
are areas getting deep. This is a typical accidental injury (teardrop burn) where 
9-month baby tried to hoist himself up against a table pulling tablecloth with hot 
coffee which hit his chest first then other parts of the body. You can see splash 
marks which are typical of an accidental injury 

Picture 4: hot coffee burn in a slightly older child (1 and % years), child 
grabbed the hot coffee which is why it is off-centred. It is also mixed partial 
thickness with areas of deep thickness 


Assessment of Weight of the Child: 


ISCITATION RAPID SEQUENCE INTUBATION RESUSCITATION RAPID SEQUENCE 
ose PREMEDICATIONS Epinephrine 1st Dose (1:10,000) 0.1 mg/1 mi PREMEDIC/ 


Toc 


0.085 mg/0.85 m! Atropine = = Ot7mg | Epinephrine High Dose/TT (1:1,000) 1mg/1mi Atropine 
Pan/Vecuronium NIA Atropine 0.21mg —— Pan/Vecuronium 
0) 0.85 mg/0.85m! (Defasiculating Agent) = = =  N/A<20ko | Sodium Bicarbonate 10 mEq = (Defasiculating Agent) 
0.17 mg Lidocaine 13 mg Lidocaine 10 mg Lidocaine 
ite 8.5 mEq Fentanyl ; 25 meg Defibrillation Fentanyl 
8.5 mg INDUCTION AGENTS First dose 20 Joules INDUCTION | 
ea fomidate,. 8" TP Ss 5) comps Second dose (may repeat) 40 Joules Etomidate 
17 Joules Ketamine 17 mg Cardioversion 10 Joules Ketamine 
SSS ee Es, 2.5 mg Adenosine Midazolam 
34 Joules Propofol 25 mg 1st Dose 1mg Propofol 
“QJoules = PARALYTIC AGENTS W 2nd Dose If Needed 2.1 mg PARALYTIC | 
Succinylcholine (give atropine prior) 17 mg Amiodarone 52 mg Succinylcholine (give atro 
0.85mg = Paneuronium 17mg | Calcium Chloride 210mg  Pancuronium 
ded 147mg Vecuronium 1.7 mg Magnesium Sulfate 525mg  Vecuronium 
A2mg  Rocuronium Te omg Rocuronium 
170 mg MAINTENANCE MAINTEN, 
te 425 mg Pancuronium/Vecuronium 0.9 mg Pancuronium/Vecuronium 
Lorazepam 0.4 mg Lorazepam 


4 ways to weigh child: weigh the child itself; weigh child and mother then 
subtract mother, use RTHC and extrapolate from weight-for-age, use length- 
weight tape 


Management of Minor Burn 


Definition of Minor Burn: size <15%, with depth/area of full thickness <1%, 
age: child < 7-10%, accidental burn in a child, site: hand, face, perineum must 
not be affected unless by superficial burn 


* First Aid: keep burn under running tap water for 20min - don’t use ice! 


* The 6 Cs 

- Clothes: remove from burned areas to reduce ongoing burn especially if it’s 
soaked with hot water or if it’s a chemical burn 

- Cool: in tap water for 20min or for over 1 hour in the case of chemical burns 

- Cleanse and remove blisters: remove blisters with dry swab and wash with 
chlorhexidine or hypochlorite 

- Chemoprophylaxis (not necessary in superficial burns): silver (can be 
incorporated in dressings), povidone iodine, mafenide acetate, chlorhexidine, 
honey, Tet-tox (check if patient is covered for tetanus > since there’s a lot of 
clostridium growing in the burn wound 

- Cover: non-adherent dressings (paraffin gauze dressing), silicone dressing 
which don’t adhere, absorbent dressings which have lots of exudates especially 
in superficial partial thickness wounds > to avoid deepening and maceration of 


wound if exudates are not absorbed 
- Comfort: analgesia - paracetamol, opiates for large burns (tilidine, valeron) 


Management of Major Burns 


Definition of Major Burn: 20-35% TBSA (Total Body Surface Area) = MAJOR, > 
35-40% = MASSIVE, burns with inhalation injury 


*These are unstable burns so do ABCs of Burn resuscitation immediately 


Inhalation Injury 


- upper airway burns (larynx and glottis are burnt) -seen in 6-12 hours 

- ARDS and bronchiolitis due to chemical burns bronchioles and alveoli - seen 
12 - 24 hours 

- intoxication of cyanide and CO - Respiratory intoxication where it affects 
cytochrome mechanism in mitochondria and may be associated with signs of 
inhalation injury 

- Secondary ARDS (sepsis in burns) 


Signs of Inhalation injury: 


-History: enclosed space, flame burn 

-Clinical features: facial and neck burns, singed nasal hairs and eyebrows, soot 
in sputum, burns of oropharynx 

-Respiratory failure or stridor 

-Around 50% need ventilation/intubation 


Airway Injuries: 


- may occur due to steam 

- patients complain of stridor 

- usually within 3-12 hours after injury but may be 24 hours 
- Clinically: oropharyngeal burns, stridor 

- Indications for admissions: oropharyngeal burns, stridor 

- usually no lower injuries 

- may be extubated if leak test is normal 


Bronchiolitis/ARDS: 


-Dependant on size of particles: the bigger the particles, the more proximal the 
injury is 

- its due to chemical burn 

- diagnosis: wheezing, respiratory failure 

- onset: after 12 hours 

- diagnosis by clinical picture and if available, bronchoscopy 

- usually need ventilation 


3 Indications for Intubation for suspected inhalation injury: STRIDOR, 
OROPHARYNGEAL BURNS, RESPIRATORY FAILURE 


Carbon Monoxide Poisoning 


- toxic, colourless, tasteless, odourless gas which is generated by incomplete 
burning of hydrocarbons 

- high affinity for Hb (240 x that of oxygen), myoglobulin (60x), and cytochrome 
oxidase (main injury is the binding to cytochrome oxidase) 

- half-life of HbCO when breathing air is 4-6 hours and 45 mins when in 100% 
oxygen 


Symptoms: 


-nausea, headache, dyspnoea, tachycardia, vertigo, vomiting 

- CVS: QT prolongation, myocardial ischaemia, hypotension, ventricular 
arrythmias, atrial thrombosis 

- CNS: Status epilepticus, polyneuropathy, Korsakoff syndrome, psychosis etc. 
neurogenic respiratory arrest 

-coma and death 

-cherry red complexion seen in 30% of patients 


Diagnosis: 
-Done by looking at ABG (Arterial Blood Gas): 


> normal COHb to Hb ratio is <5% (<9% in smokers) 
> >15-30%: symptoms occur 

> > 40%: typical cherry-red skin discolouration 

> >50% are invariably fatal, should be treated 


- cave: pulse oxygen saturation monitors 
- Severity of disease should be monitored by GCS, Lactate levels, ECG, CXR. CO 
levels correlate poorly 


Management: 


-Admit to high care unit or ICU for continuous vital signs monitoring, (ECG, BP, 
SATS, Regular vABGs) 

-100% oxygen via face mask or when severe, mechanical ventilation by 
intubation 

-hyperbaric oxygen for neurological deficits, respiratory insufficiency or COHb 
levels >15% 


Cyanide Poisoning 


-Any substance that has a cyano (-CN) group 

- Used in the production of rubber, plastic; combustion with smoke development 
causes inhalation of cyanide 

- Cyanide binds to cytochrome c, disrupting the electron transport chain of 
cellular respiration. 

- Blood levels > 0.5 - 1 mg/l (19-40 umol/l) are toxic and levels > 2.5-3 mg/l may 
be fatal. 


Clinical features: 

-Signs of sympathetic activation: tachycardia, hypertension, palpitations, 
tachypnoea, anxiety 

-Later: confusion, drowsiness, seizures, bradycardia, bradypnea, hypotension, 
pulmonary oedema 


-Progresses to LOC, fixed pupils, cardiovascular collapse, death 


-Breath has typical bitter almond smell 
-Lactate level > 10mmol/l in a patient with inhalation injury suggests cyanide 
level > 40 umol/] (toxic levels) so treat with antidote 


Management: 
Prehospital: 


O If smoke inhalation and GCS < 14, or abnormal hemodynamics: empirical 
hydroxycobalamine 5 gr IV which binds to cyanide directly 


Hospital: 


O Supportive management: circulatory support, mechanical ventilation, 
correction of metabolic acidosis with sodium bicarbonate 


O In emergency room: if history of smoke inhalation and lactate > 10 mmol/l: 
antidote 


O0 Hydroxycobalamine - binds cyanide directly 


O Sodium thiosulphate - increases excretion of cyanide by forming thiocyanate; 
slow onset! 


O Sodium nitrite, Amyl nitrite, 4 DMAP - converts Hb to met-Hb, which binds 
cyanide preferentially to cytochrome c. However, 30% of Hb must be converted 
to metHb. 


O Dicobalt edetate - directly binds cyanide. Side effects: anaphylaxis, 
hypotension, cardiac arrhythmias 


Major Burns: Resuscitation 


- Parklands (Baxter): 4 ml/kg/% TBSA 

- Brooke’s formula: 2 ml/kg/% TBSA 

- both given over half over first 8 hours; half over next 16 hours 
- Fine-tune to keep urine output 1 ml/kg/hr 

- Second day: 2 ml/kg/% TBSA, some as colloid 


Every recommendation now controversial: 


-Parkland’s formula lacks pathophysiologic underpinning for some of its most 
important recommendations 

- Formulas were developed to prevent early acute renal failure, which is now 
rare 

- Formulas require experience to assess TBSA 

- Patients often receive fluids well in excess of those estimated by the 
Parkland’s formula 

- Weight-based formula under-resuscitate children with smaller burns, but 
grossly over-resuscitate children with large burns 

- Certain patients may require more fluids than others (inhalation injury, alcohol 
intoxication, delayed presentation) 

- Fluid creep with possible fatal complication such as ACS in adults and cerebral 
oedema in children 


- Early high rates of fluid may increase fluid requirements. Crystalloid 
resuscitation, especially in large volumes, may increase risk of compartment 
syndromes 

- Colloids are safe: immediately? After 8 hours? After 24 hours 

- Advanced monitoring (CVP, cardiac output etc.) does not lead to better 
outcomes 


So, what do we do? How to Resuscitate: 


- Did formulas ever save patients (then why could patients be equally effectively 
resuscitated using Brookes or Parkland’s formula?) - because we used 
endpoints like urine output instead! 

- Formulas should possibly not guide resuscitation after first 8 hours, but are 
useful to assess volume lost before admission, or to warn provider of risk of 
over-resuscitation (see under fluid creep) 

- Like everywhere else in trauma the best resuscitation is guided by endpoints 


Endpoints of Resuscitation: 


-HR, BP 

- Urine output: strictly between 0.5-1 ml/kg/hr 
- Lactate, base excess 

- Invasive: not indicated in non-ICU patient 


However, no single endpoint is reliable on its own - need to be guided by 
combination of endpoints, especially BP/HR, urine output and BE/lactate. Warm, 
pink extremities are also important in children. Return of gut peristalsis also 
mentioned as indicator 


Sensible Formula: 
1-2 ml/kg/% TBSA- combine the formulae (half of 2-4ml.kg/%) 


-Give over 8 hours (from injury) (first amount) 

- What if patient presents late? Resuscitation versus replacement of ongoing 
losses by giving fluids 

- After 8 hours: enough to keep U/O 0.5-1 ml/kg/h 


If no urinary catheter: 
- Give 2nd amount over 2 x 8 hours 
- Give 3rd amount over 3 x 8 hours 


Fluid Creep: 


-Term introduced by Pruitt in 2000 - ‘If a little of something is good, a lot of the 
same thing must be better’ 

- Refers to increasing amounts of fluids given to people with burns - well above 
requirements even of Parklands formula (i.e., > 5.5 ml/kg/%TBSA) 

- Overhydration is detrimental and may be lethal: 

> Oedema formation - burn wound progression 

> Compartment syndromes away from burned areas: 


O Burned extremity, especially if circular burns 


O Remote extremities 


O Abdomen 


D Eyes, leading to blindness 


Therefore, it is important to keep urine output between 0.5 and 1ml/kg when 
resuscitating a patient 


Major Burns: Escharotomies 


Indications: 

- All patients with Full Thickness or deep Partial Thickness circular burns 
- If vascular compromise: emergency - do it in the bedside 

- If no vascular compromise: do it in the OT 


Technique: 

- From non-burned tissue to non-burned tissue 

- Deep enough; it must split open when you make your incision 

- Avoid subcutaneous nerves (peroneal around fibular head, ulnar around lateral 
epicondyle) 


Major Burns: Wound Care 


- Initial dressing: Nanocrystalline silver preferable; other silver dressings 
(Flammazine, Silverlon) 


- Early excision and grafting: Two schools of thought: 
> Between day 2 and day 7 
> In first 48 hours 


How to excise and graft: excise everything at the same time, stage excision (10- 
15% at each sitting then cover with temporary skin substitute), let eschar 
spontaneously separate then graft when wound is ready after 4-5 weeks (patient 
runs risk of infections, sepsis and death. If successful, you’ll develop 
hypertrophic scars) 


- Subsequent dressings: 
>Dermal substitute 
>Nanocrystalline silver 
> Bactigras/IntraSite 


Major Burns: Admission Criteria 


-All burns in children under the age of 1 unless it’s very superficial 

- All full thickness burns 

- Partial thickness burns > 15% TBSA in an adult and > 10 % TBSA in a child 
- Burns of the perineum, burns of the face, hands, feet, or perineum 

- Electrical and chemical burns 

- Burns complicated by concurrent disease or concomitant injuries requiring 


admission 
- Suspicion of child abuse 


If Full Thickness requiring excision: refer to surgical unit 


Major Burns: Referral Criteria to Level 1 Facility 


-All burns over 35% TBSA (massive burns) 

- Inhalational burns and other burns requiring ICU care 

- Deep partial to full thickness burns to the hands, face, feet or perineum 

- Children under the age of 1 year with significant burns (i.e., over 10%TBSA) 
- Children under the age of 10 with full thickness burns of > 5% TBSA 

- Lack of facilities to treat children along the referral chain 


Refer early (i.e., within 48 hours) 


Burn Care in the Wards 


-multidisciplinary approach: doctor, sister, OT, Infection control, physiotherapy. 
Social worker, counselling, mother 


NUTRITION 


NUTRITIONAL PROTOCOL IN BURNS 


Start Here 


| 


Does the patient have one or more of the 
following? 


- 220% BSA burns in adults 
. a 10% BSA burns in children 


Adults: 
Ful ward det + Enive nutriion supplement 


Children: 
Paed ward diet + Febin Energy Drink/ 
Pedisume Plus / Nutrini Multifiore 

Infants: 
Breastmilk / intatrini + Paed pure det ( 612) 


All Patients to receive micronutrient 
Sul 


*nasogastric feeding through tube because of increased metabolic demand 
*vitamins and minerals are given 


INFECTION CONTROL 


Problem: 

-Multidrug-resistant (MDR) Organisms that colonize burn wound especially in 
hospital setting 

- How fast does antibacterial resistance occur? With gonococcus, it’s 2 years. 6 
months with new microbial choice in existing group 

- Importance of infection control 


Importance of infection control: 

- Concept of layers of safety 

- Admission policy: to avoid spread of MDR organisms 

- Isolation to avoid transmission of MDR organisms between patients 
- Hand washing, avoid rings and long sleeves 

- Barriers: gowns and gloves, hair caps 

- Dressing changes 


- Topical antimicrobials 
- Antibiotic stewardship to avoid resistance 


Scars & Contractures 


Causes: Functional limitations, Cosmetic limitations, Ostracization, Problems 
with self-identity and sexuality 


Risk Factors: Congenital (e.g. darker skin), Age (children and adolescent), Time 
to healing (> 3 weeks), Infection, Location (neck, chest, axilla), Therapy 
(immobilization) 


Scar Management: starts as soon as patient has been resuscitated 


Aims: 

-decrease swelling/oedema by positioning, exercise and massage 
- prevent stiffening by passive and active exercises 

- prevent abnormal positioning by splinting 

- prevent weight loss by exercising 


Pain control during Therapy 
Pharmacological: Take regular medication 30 minutes before session 


Non-pharmacological: Distraction, Songs, stories, Virtual reality (gaming), 
Relaxation, Deep breathing, Bubble blowing, Rewarding, Locus of Control 


Overview of Treatments for Scars 


Non-invasive Invasive 

Evidence high: Evidence high: 

e Pressure/compression ¢ Intralesional steroids 
therapy e Surgery 

e Silicone Sheets and gels 

Evidence Low: Evidence low: 

e Oils, lotions and creams e Laser therapy 

e Massage therapy e Radiotherapy 


e Static and dynamic splints * Cryosurgery 
e Psychological counseling  • Intralesional injection of 
other product 
e antihistamines 


*Massage therapy with oils because patients like that 
*static and dynamic splints are controversial because they are said to increase 
contractures 


*Laser therapy makes little holes in scar which are then covered in steroid 
ointment 


Social Work/Psychology 


Indications for Social Work and Counselling Intervention: 
- Abuse: child, intimate partner, elder 

- Suicide 

- Organizing support systems for epilepsy for example 
- Grants 

- Pain and stress management 

- Psychotherapy 

- 19% has acute stress disorder (33% of children) 

- Up to 45% develop PTSD 

- 9-23% develop depression 

- 7-38% develop alcohol or substance abuse 


Study among adolescent burn survivors showed that 
- anxiety disorders: 36% 

- Substance abuse: 18% 

- Disruptive behaviour disorder: 14% 

- Anorexia: 4% 


Risk Factors for Development of Post-burn Burn Psychopathology are 


- Severe burns 

- Disfiguring injuries 

- Life-threatening mechanism of injury 

- Previous severe traumatic event 

- Pre-existing anxiety disorder 

- Response of primary caregiver, threat to caregiver 
- Inadequate pain management 


Forms of psychotherapy: 

- Cognitive-behavioural therapy 

- Play and Art Therapy 

- Psychological Debriefing 

- Pharmacotherapy > anti depressives 


Self-Image & Sexuality: 


- Sexual dysfunction: More in females & associated with body image and 
physical functioning 
- Difficult to enter into new relationship 


Risk Factors for disordered sexuality: 

- Younger age, Female gender 

- TBSA < 20% 

- Genital burns, burns on exposed areas 


- Prolonged length of hospital stay 


- Avoidance coping 
- Mental disorder 


Burn Camps for Children & Adolescents 


Place where you are excepted, Meet with fellow-survivors, Build self-esteem, 
Cope better, Method of follow-up 


Burns: Late Referral Criteria 


- All patients with contractures causing functional impairment 

- All patients with cosmetic deformities causing stigmatization or psychological 
problems 

- Girls reaching puberty with encasing chest burns 

- Women with abdominal burns seeking to fall pregnant 


Case 1 


Mrs. Angie Pillay, a 51-year old lady, presents to the casualty department at 
22.00 hours with severe chest pain, which had started an hour previously. The 
pain was retrosternal and radiated down both arms. The pain did not react to 
sublingual TNT. 


She has a history of hypertension, diabetes mellitus, ischemic heart disease and 
hypercholesterolemia, and is scheduled to undergo coronary artery bypass 
grafting. 


Her vital signs are as follows: GCS 15/15, BP 160/80, HR 100/min, RR 22/min, 
oxygen saturation 96%. Her JVP is slightly raised. On examination her chest is 
clear, and she has normal hear sounds, with no added murmurs. She is noted to 
have mild ankle edema. 


The ECG shows ST-depression and T-wave inversion in leads II, III and aVF. Her 
CK-level was 226. 


Questions: 
m What is wrong with this patient? 


- We must assume that her chest pain has a cardiac cause 

- We can assume that she has an unstable angina or myocardial infarct 
since her pain did not react to TNT 

- ST Elevation is characteristic of MI, so for now, all we can say is that she 
has an ACS 


m How would you manage her? 


Acute Coronary Syndromes: STEMI & NSTEACS 


1. STEMI (ST-Elevation Myocardial Infarction): ST-segment elevation 
of = 0.1 mV (1 mm on a standard ECG) in two or more contiguous leads 
or presumed new left bundle branch block. Caused by occlusion of 
coronary artery. 


be. --————- — ———_ —_______ _______-+| 
R RR interval R 


interval 
QT interval 


e.g., aVL and I OR aVF & III are 
contagious 


ST-Elevation is measured at the J-point which is between S-wave and ST- 
segment 


2. NSTEACS (Non-ST-Elevation Acute Coronary Syndrome): normal 
ECGs OR ST-depression > 0.5 mm (0.05 mV) and T-wave inversion - 
signify ischemia, particularly in leads without Q-waves. Usually due to 
partial obstruction of a coronary artery. Q-waves > 1 mm across and > 2 
mm deep signify past or present infarction. However, the infarction may 
be old. 


Classification*** 


Type of Infarct 


Artery Blocked zi ECG changes 


Right coronary II, HI, aVF 


I, II, II, aV 
V5- 


Infero-lateral Circumflex plus RCA 
6. 


Septal Left anterior 
descending 


- Inferior and anterior infarcts are the most common 


Lateral 
I, aVL 


Lateral 
V5, V6 
Anterior 
inferior V3, V4 
il, III, aVF Septal 
V1, V2 


Additional Investigations 


- Cardiac enzymes: Troponin I & T 

- FBC, Clotting profile, U&E, CMP (Calcium, Magnesium, Phosphate), 
Blood sugar 

- Monitor: vital signs, including O2 SATS and rhythm strip 

- Cardiac Echo 


Immediate Management of ACS 
MONA greets the patient at the door: 


- Morphine 
- Oxygen 

- Nitrogen 
- Aspirin 


Aim to have these actions completed withing 10 minutes from arrival of the 
patient into casualty. Triage patient quickly then administer these drugs 
However: 


- Morphine is cardio depressive, and it interferes with P2Y inhibitors like 
clopidogrel which is given in ACS & Angina pectoris to decrease 
propagation of clot 

- Oxygen generates oxygen radicals in reperfused areas; therefore, they 
can cause harm than benefit 

- Nitrogen kills pain, but any other advantages? Disadvantage is that it 
lowers the BP 


So new algorithm is FAN: Fentanyl, Aspirin, Nitrogen 


Next Step in ACS Management 
- Doan ECG: to classify ACS into STEMI or NSTEMI 


Reperfusion Strategies 


- STEMI patients are thought to have MI caused by complete obstruction 
of coronary artery 
- Treat by reperfusing heart in two ways: 


PCI (Percutaneous Coronary Intervention): therapy of choice for STEMI 
because there is 


e Restoration of blood flow in 95% (thrombolysis reperfuses 54%) 

e Less in-hospital mortality, non-fatal reinfarction, and stroke 

e Benefits disappear after 120min of delay 

e Aim to have procedure done within 90min from hospital arrival 

e Most common technique: percutaneous transluminal coronary 
angioplasty 

e Aspiration of thrombus through catheter has shown to have no benefit 
and more complications for patient 


Thrombolysis 


Placing of a stent for STEMI 


- Catheter is induced through femoral artery then moved up to the aorta > 
aortic arch > coronary arteries are blown up 

- Catheter is placed through the stenosis; balloon is blown up then deflated 
leaving a stent that leaves vessels open 


Thrombolysis (mainly done in public hospitals) 


- Aim to have a door-to-needle time of less than 30 minutes 

- Do not wait for the cardiac enzymes in a patient with STEMI 

- Patient with symptoms of <12 hours should be started on thrombolysis 

- Quick you start, the better the prognosis 

- Fibrinolytics started within 1 hour of infarction reduce infarct size by > 
50% and mortality by 78% 

- Major complication: stroke. Risk 0.25 - 2.5 %, increased risk with age, 
uncontrolled hypertension, and obesity 

- Formal consent needs to be signed, and risk and benefits explained to the 
patient. 


Indications & Contraindications of Thrombolysis 
Indications: 


e STEMI in >2 contiguous leads on ECG 
e Duration of symptoms < 12 hours 


Contraindications: 


1. Hypertension 
e Systolic BP > 180 mmHg, diastolic BP > 110 mmHg 
e Right versus left arm difference in BP > 15 mmHg 


2. Bleeding Risk 


e History of structural CNS disease (vascular lesion, tumor, ischemic stroke 
< 3 months, recent intracranial surgery within 2 months) 


e Suspected aortic dissection 
e Significant closed head injury or facial trauma within the previous 3 
months 


e Recent (6 weeks) major trauma, surgery GI or GU bleeding 
e Bleeding or clotting problem, or on anticoagulants 

e CPR > 10 minutes 

e Pregnancy 

3. Other 


e Serious systemic disease (advanced/terminal cancer, severe liver, or 
renal disease) where MI management may be considered futile 
e Previous streptokinase administration within the last 6 months 


Procedure of Thrombolysis 


e Always use a peripheral line 

e Give Solucort 100 mg i.v.i., and Phenergan 25 mg i.v.i. as preventative 
medication 

tPA (Tissue Plasminogen Activator is drug of choice) 

Monitor the patient closely, using a vital signs monitor (ECG, BP, sats) 
Check for signs of allergy (rash, bronchospasm) 

In case of arrhythmias: amiodarone, defibrillation 

In case of hypotension: fluids, dobutamine 


NSTE-ACS Pathway 
Definition of Non-ST Elevation ACS 


e Unstable angina 
e Non-ST Elevation Myocardial Infarction (rise in cardiac enzymes) 


Management 


e Medical stabilization 

e Anti-coagulation: aspirin as soon as possible 81mg/day; clopidogrel 
300mg loading dose followed by 75mg/day 

e Anticoagulation: clexane 40mg subcutaneously/BD 

e Anti-Ischaemic therapy: atenolol (given on certain indications) 25-50mg 
orally/day > contraindications are hypotension, bradycardia, asthma, left 
ventricular dysfunction, pulmonary embolism, 2°” or 3™ degree heart 
block 
Enalapril (ACEI): 5-10mg orally as soon as BP has normalized 

e Revascularization: early vs. selective 
Early > taken for angiogram ASAP, usually withing the first 24 hours, 
and when it shows that patient is suitable for percutaneous intervention 
then angiography is done. Some patients for instance those with 3-vessel 
disease are taken to theatre for coronary artery bypass grafting 
Selective > patient is managed according to protocol. 
only patients with lower risk factors and those who refuse 
revascularization should be treated conservatively 


TIMI RISK SCORE for UA/ NSTEMI 


HISTORICAL POINTS RISK OF CARDIAC EVENTS 
(%) BY 14 DAYS IN TIMI 11B* 


Age 2 65 1 
’ Risk Death Death, MI or 
> 3 CAD risk factors 1 
(FHx, HTN, 1 chol Score orMi Urgent Revasc 
DM, active smoker) 0/1 3 5 
Known CAD 1 2 3 8 
(stenosis > 50%) 

3 5 13 
ASA use in past 7 days 1 

4 7 20 

5 12 26 
PRESENTATION 

6/7 19 41 


Recent (< 24H) 1 
severe angina 


T cardiac markers 1 


ST deviation > 0.5mm 1 
*Entry criteria: UA or NSTEMI defined as 
ischemic pain at rest within past 24H, with 
RISK SCORE=Total Points (0-7) f +marker) 


For more info go to www.ïmi.org Antman et al JAMA 2000;284:835-842 


Postoperative Myocardial Infarction 


High-risk type of surgery 

Ischemic heart disease 

History of congestive heart failure 
History of cerebrovascular disease 


Insulin therapy for diabetes 
Preoperative serum creatinine > 2.0 mg/dl 


I | No risk factor 
M | 1 risk factor 


m | 2 risk factors 


3 or more risk 
factors 


- Risk of postoperative development of a myocardial infarction is given by 
cardiac index which is 1 point each 


Perioperative Infarcts 


- Most perioperative infarcts are non-Q wave infarcts, i.e., due to 
prolonged ischemia rather than rupture of a plaque and subsequent 
thrombosis therefore thrombolysis has no use in treatment (thrombolysis 
in postop patient can also lead to bleeding) 

- Postoperative myocardial infarcts have a high mortality (17-50%) 

- Diagnosis is by ECG and rise in Troponin T: patients at risk should have 
levels before surgery, immediately after surgery, and after 24 hours 


Prevention of Perioperative Infarcts 


e Beta-blockers > Indications: hypertension, known coronary artery 
disease, major risk factors. Aim for heart rate of 50-60 bpm 

e Avoid hypothermia 

e Avoid tachycardia (anxiety, pain, hypovolemia) 

e Avoid hypoxia 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
Case 2 


What’s wrong with Mr. Sithole? 


- Sudden onset of neurological symptoms 
- Alcohol intoxication is unlikely 
- Weare worried about a stroke 


What’s Mr. Sithole’s GCS? 
- V4, E4, M6 (Classified according to best response) = 14/15 


Stroke: neurological event caused by a vascular issue 


e Ischemic > thrombus/embolus 
e Hemorrhagic 


Signs and Symptoms: 


Sudden weakness of the face, arm, or leg, especially if unilateral 
Sudden confusion 

Trouble speaking or understanding 

Sudden trouble seeing in one or both eyes 

Sudden trouble walking, dizziness, loss of balance or coordination 
Sudden severe headache without obvious cause - suggestive of 
hemorrhage 


Cincinnati Prehospital Stroke Scale - FAST > Remember: brain is much 
more sensitive to hypoxia (3/4 to 6 hours) so it’s important to recognize strokes 
ASAP 


Facial droop (have patient show teeth or smile) 


e Normal: both sides of face move equally 


Abnormal: one side of the face does not move as well as the other side 


Arm drift (have patient close eyes and hold both arms straight out for 30 secs) 


Normal: both arms move the same or not at all 
Abnormal: one arm does not move, or drifts down compared with the 
other 


Abnormal speech (have patient say ‘you can’t teach an old dog new tricks’) 


Normal: patient uses correct words with no slurring 
Abnormal: patient slurs words, uses the wrong words, or is unable to 
speak 


If any of these is abnormal, the chance of a stroke is 72% & patient 
should be transferred to a center with a stroke service 

The FAST is the Cincinnati Prehospital Stroke Scale (Facial Movements, 
Arm movements, Speech) to which time is added to emphasize time- 
sensitive management 

Prehospital personnel should have scoop-and-run strategy to take patient 
into car ASAP and rush to hospital 


Emergency Management of Stroke Patient - Before thrombolysis 


1. 


Support ABCs 


Airway/breathing: 


aspiration 

Upper airway obstruction 
Hypoventilation 

Neurogenic pulmonary edema 


Circulation 


Hypotension 
Hypertension 
Arrhythmia 


2. Provide oxygen: keep SATS > 95% (between 95-99%) 


aa 


es Sw e 


Obtain IV access and take bloods for FBC, U&E, clotting, Glucose, and 
troponin (but do not wait for the results 


Check glucose via pinprick; treat if indicated 

Perform neurologic screening assessment (use Stroke scale) 
Refer patient stat to neurologist/stroke care specialist 

Order emergency CT scan of brain/CTA (or MRI) of the brain 
Obtain 12-lead ECG 


TIME = BRAIN so Attend to patient within 10 minutes of arrival in ED and 
perform CT within 25 minutes, interpret within 45 min so that perfusion 
strategies can be planned 


Ischemic Stroke - Imaging 


- Aim of imaging is to differentiate between ischemic and haemorrhagic 
stroke 

- CT Scan is generally done (left upper corner): right ventricle is narrow. 
There’s darkening of tissues caused by oedema 

- CT Angiogram (right lower corner): obstruction in vessel circled by red 

- MRI (bottom left and top right): clear ischemic area, obstruction of 
vessels. MRIs are much longer to take so not recommended 


Management of Patient who Is potential candidate for Thrombolysis 


Patient otherwise eligible for reperfusion therapy, except the BP is > 185/110 
mmHg (if you can decrease BP before 3 hours, you can still do thrombolysis) 


Ideal BP during hyperacute stage of stroke is unknown 

Avoid precipitous falls in BP because ths will cause infarct to increase 

Labetolol 10-20 mg IV over 1-2 minutes, may repeat x 1 or, 

Nicardipine IV 5 mg/hr, titrate up by 2.5 mg/hr every 5-15 minutes: 

maximum 15 mg/hr 

e Other agents (hydralazine, enalapril, etc.) may be considered when 
appropriate 

e Sodium nitroprusside?? - not recommended because of rapid fall in BP 
and dilates healthy vessels and not ischemic areas 

e If BP is not maintained at or below 185/110 mmHg do not administer 

rtPA 


Thrombolysis Inclusion Criteria: 


Diagnosis of ischemic stroke (CT) causing measurable neurologic deficit 
> don’t do thrombolysis in an ischemic stroke that is recuperating 
Onset of symptoms < 3 hours before beginning treatment 

Age = 18 years 


Complications: 
e Hemorrhagic stroke (+ 5%) 
e Orolingual angioedema (1,5%) 
e Acute hypotension 


Major bleeding (0.4%) 


Thrombolysis Exclusion Criteria: 


Iz 


Bleeding Risk: 

Head trauma or prior stroke in previous 3 months 
Symptoms suggest subarachnoid hemorrhage 

Arterial puncture at noncompressible site in previous 7 days 
History of previous intracranial hemorrhage 

Evidence of active bleeding on examination 

Acute bleeding diathesis, including but not limited to 


m Platelet count < 100 000/mm? 


E Heparin received within 48 hours, resulting in aPTT > upper limit 
of normal 


E Current use of anticoagulant with INR > 1.7 or PT > 15 seconds 


Recent surgery or serious trauma within previous 14 days 
Recent GIT or urinary tract bleeding (within previous 21 days) 


Other: 

Blood glucose < 2.7 mmol/l 

Seizures with post-ictal state where neurological deficit due to stroke 
cannot be assessed 

CT demonstrates multilobar infarction (hypodensity > third cerebral 
hemisphere) 

Recent MI (within previous 3 months) 


High Blood Pressure 
Elevated BP (SBP > 185 mmHg, DBP > 110 mmHg) 


Endovascular Therapy (new treatment) 


Involves stenting of occluded vessel through the femoral artery 
Indicated for patients with occlusion in the anterior cerebral circulation 
(i.e., supplied by the carotids) because it is easier to do however, people 


have started to do the posterior cerebral circulation which is supplied by 
the vertebral arteries 

Effective until 6 hours after onset of symptoms 

Can be given if patient had thrombolysis 


Secondary prevention: 


Aspirin 150-300mg given within 48 hours of onset of stroke 
After thrombolysis: hold aspirin for > 24 hours 


General Stroke Care - After thrombolysis/Revascularization 


Prevent hypoxia: ABC 

Obtain 12-lead ECG to look for A. Fib 

Blood pressure management: prevent hypotension, hypertension control 
Moderate glucose control 

Temperature control: treat fever > 37.5°C 

Nutritional support 

Dysphagia screening: danger of aspiration 

Stroke prophylaxis: low-dose aspirin (start within 24 hours), clopidogrel 


Investigate: 


Dysphagia screening done within 24 hours because of danger of 
aspiration, NPO until done 

Seizure assessment; concept of “immediate post-stroke seizure” 
Depression 

Need for rehabilitation 


Acute Haemorrhagic Stroke - Subarachnoid Haemorrhage or Intercranial Bleed 


Most are caused by ruptured aneurysms, which are usually congenital 


Clinical features (in addition to general stroke symptoms): 


Sudden severe headache that is maximal within minutes (‘worst headache 
ever’) 

Features of meningism (neck stiffness) 

Mortality 30-50% 

Risk factors: family history of SAH, hypertension, smoking, alcohol and 
stimulant abuse, connective tissue diseases (like Marfan’s syndrome), 
female gender 

Diagnosis by CT scan or CT angiography 


- CT scan (left): SAH > bleeding around brain in the fissures. Usually due 
to rupture of a congenital berry aneurysm 

- Intracranial haemorrhage: patients on anticoagulants. Blood is in the 
brain tissue 


TIA (Transient Ischemic Attacks) & Minor Strokes 


- TIA: stroke-like syndrome in which the acute neurological symptoms have 
disappeared in 24 hours. Ischemic event, whereas minor strokes are 
infarcts 

- These progress to fatal strokes from 2hours-5weeks 

- 50% of strokes occur within 48 hours of a TIA 

- Referral time: immediate referral needs calling an ambulance. Same day 
needs making an appointment. Within 2 weeks needs making an urgent 
appointment. 

- Doppler of the neck: to see stenosis in carotid artery 


Strokes are (largely) preventable: risk factors for strokes are 


- HTN 

- Smoking & alcohol 

- Excessive body weight & physical inactivity 
- High cholesterol 

- Low fruit and veggie intake 

- Diabetes 


Case 1 


Miss Ramnath, a 22~year old lady, presented to the ER with a cough, fever, and 
confusion. She had been okay until about 3 days before, when the cough and 
fever had started. She had stayed in bed and her family had noted that she 
forever wanted to drink - sometimes she would drink a 2-liter bottle of juice in 
an hour. She also spent a lot of time on the toilet, tot pass “number 1”, she had 
said. The family had noted that she had become sluggish yesterday and this 
morning they could hardly wake her up. 


On examination you see a young lady, who is asleep, but grunts when spoken to. 
She localizes pain. Her BP is 120/80 and her HR 100. RR is 40 with a soars of 
100%. On auscultation of the chest, you find bronchial breathing over the LLL. 


What is wrong with Miss Ramnath? 


- Patient had polydipsia before confusion. She also has polyuria. 
(Combination suggests Diabetic ketoacidosis). Confusion and high 
respiratory rate are present. Hypoxia is unlikely to be the cause of 
increased RR because O2 SATS are 100%. 

- Remember: the lung has 2 functions: absorbs O2 and excretes CO2. The 
excretion of COS is increased in the case of acidosis so a RR of 40 with 
O2 SATS of 100% is suggestive of acidosis (Kussmauls breathing) 

- Signs that do not fit in with a DKA is the cough, fever, bronchial 
breathing over left lower lobe (these are signs of a left lower lobe 
pneumonia). So how do you fit in the two? > LLL Pneumonia is a form of 
injury which mobilizes the general metabolic response to injury & causes 
an increase in corticosteroids which switch on neogenesis in the liver 
thus increasing blood glucose. 

- Ina patient who doesn’t have enough insulin, that will induce a DKA 

- Issue: Patient has a DKA on the basis of a LLL pneumonia 


Why? 
1. LLL pneumonia 
e Cough, fever 
e LLL bronchial breathing 
2. Diabetic ketoacidosis 
e Polydipsia, polyuria 
e Hyperventilation (Kussmaul breathing) 


e Decreased level of consciousness 


Diabetic Coma: by far the most common endocrine abnormality in clinical 
practice (10% incidence, which increased from previous 5%, due to an increase 
in morbid obesity > increasing Type2DM) 


Caused by deficiency or overdose of Insulin 


*Deficiency: Results in DKA or HHS 
e Two types of insulin receptors: high and low affinity 
e If both affected: ketoacidotic coma 


e If only low affinity affected: hyperosmolar non-ketotic come (HONK) 


DKA (Diabetic Ketoacidosis): triad of hyperglycaemia, increased anion gap 
metabolic acidosis and ketonemia. Results in polyuria and severe dehydration. 
Causes: absolute or relative insulin deficiency plus excess of counterregulatory 
hormones 


HHS (Hyperglycaemic Hyperosmolar State): formerly known as HONK - no 
increase in counterregulatory hormones so no lipolysis so these patients have 
hyperglycaemia and severe dehydration. Because there is no lipolysis, these 
patients remain well for longer than DKA patients but when they are diagnosed, 
they are more dehydrated and hyperglycaemic than the DKA patients 


*Overdose: 


e Hypoglycaemic coma 


1. DKA (Diabetic Ketoacidosis) 


Due to high blood glucose, there is 


e Thirst, polydipsia, polyuria, weight loss 

e Abdominal pain, nausea, vomiting, (CAVE: Underlying abdominal problem 
because if it is infectious, it can result in a DKA in the same manner that 
the LLL pneumonia did) 

e Dehydration, hypovolemia, shock 

e Impaired mental status 


Due to production of ketone bodies (acidosis) 


e Kussmaul breathing (can be caused by any form of metabolic acidosis so 
these need to be differentiated) 

e Acetone smell on breath 

e Tachypnoea 


Diagnosis (in DKA & HHS) 
1. Blood glucose levels > 11,1mmol/l (much higher in HHS, up to 30) 


2. Ketones in the urine (ketostix) or blood (preferrable because the most 
important ketone body produced by the body is beta hydroxybutyrate and 
this is then converted into a less active acetoacetate which is what is 
measured in the urine. When treating a diabetes, the beta 
hydroxybutyrate will be converted into acetoacetate which will be 
excreted in urine so hydroxybutyrate may be decreasing while urine 
dipstix levels become worse because acetoacetate levels increase ) 


3. Acidosis (pH less than 7.3 or venous bicarbonate <15mmol/l) 


4. Look for precipitating cause 


Investigations 


e Blood: glucose, U&E, Serum ketones and venous blood gas 
e Urine: ketones 

e ECG 

e Imaging: CXR 


DKA often Occurs in the context of another disease 
e Noncompliance with anti-diabetic medications, or bad diet 


e Infections: UTIs, Pneumonia, dental abscesses, skin infections, perineal 
abscesses, septic shock 


e Cardiovascular incidences: Myocardial infarction, cerebrovascular 
accidents 


e Abdominal Emergencies: appendicitis, pancreatitis 
e Trauma 

e Pregnancy 

e Ingestions: cocaine, alcohol abuse 

e Surgical emergencies 


e Medications: sympathomimetics, atypical antipsychotics, corticosteroids, 
thiazide diuretics 


2. HHS (Hyperglycaemic Hyperosmolar State) 


Characterized by hyperglycaemia, hyperosmolarity, and profound dehydration 
without significant ketoacidosis 


Diagnosis 


e Thirst, polyuria, vomiting in the later stage 

e Neurological deficits: limb weakness, hemiplegia, hemianopsia, stroke- 
like symptoms, focal seizures, coma 

e Poor skin turgor, tachycardia, hypotension 


Investigations 


e Blood glucose is very high > 33mmol/1 
e Serum osmolality 


Management 
1. Rehydrate: addresses dehydration and hyperglycaemia 


2L N/S (Normal saline) rapidly: if sodium is normal or elevated, 
consider 0.45% saline 


Give an additional 2L over the next 2-6 hours and a further litre 
over the next 6-12 hours 


Switch to 5% dextrose in saline when Blood sugar < 16 mmol/l to 
avoid rebound hypoglycaemia 


2. Supply insulin: addresses ketogenesis and acidosis 


DO NOT start insulin before potassium levels are known because 
K+ is pushed into the cells by insulin; no insulin given if K+ is <3.5 


Continuous insulin infusion at 0.1units/kg/hour. No bolus 
required 


If no IV access; insulin subcutaneous boluses of 0.1units/kg every 2 
hours with careful monitoring of blood glucose levels 


3. Correct deficiencies: particularly important in DKA 


Potassium: replace only when urine output is restored; when a 
patient becomes acidotic, the hydrogen ions are pushed inside the 
cell and the K+ ions are pushed out of the cell to maintain electron 
neutrality. Kidneys respond to the hypokalaemia by trying to 
excrete the potassium. So DKA patients tend to have a 
hyperglycaemia in the presence of a hypokalaemia 

Treating DKA will cause potassium to drop without doing anything 
to the K+. 

- If K+ > 5.3: no replacement, repeat K+ in 1 hour 


- If K+ = 4.0 to 5.3: add 10 mEq/l KCI to IV fluids 

- If K+ = 3.5 to 4.1: add 20 mEq/1 KCI to IV fluids 

- If K+ < 3.5: hold insulin. Add 20-60 mEq/l/hour potassium to IV 
fluids, place on cardiac monitor 


Always give KCl in 0.45% saline solution because K+ adds to the osmolality so 
N/S is already isotonic 


e Bicarbonate: ADA (American Diabetic Association) > not unless pH 
< 6,9, however, no difference in outcomes 


e Phosphate: only if signs of phosphate deficiency (muscle weakness, 
decreased cardiac function), CAVE hypocalcaemia 


e Magnesium: no evidence that improves outcomes, usually self- 
corrects 


Other causes of metabolic Acidosis & Kussmaul Breathing 


Metabolic acidosis can be hyperchloremic (HARDUP) or associated with 
increased anion gap (MUDPILES) 

- Anion gap is caused either by increased levels of patient’s normal metabolites 
(lactate, ketone bodies and patients with renal failure) or abnormal metabolites 
(toxins etc.) 


Acronym: MUDPILES 

M = methanol (antifreeze) 

U = uraemia (renal failure) 

D = diabetic, starvation or alcoholic ketoacidosis > ketone bodies 
P = paraldehyde poisoning 

I = ingestions: INH, ecstasy, cocaine 


L = lactacidosis > lactate produce in anaerobic metabolism. Causes are shock, 
hypoxia, congenital abnormalities of the mitochondria (type 1 may be due to 
dehydration ass. with ketoacidosis, or the first two mentioned. Type 2 is the last 
one mentioned). ARVs used to caused lactacidosis 


E = ethylene glycol 
S = salicylate poisoning 
3. DKA in a Child 


Increasing incidence of Diabetes Mellitus in children. May occur in younger 
children, as young as children in nappies 


e 12-80% present with DKA, especially young children and this causes a 
problem because the polyuria may remain unrecognized especially if 
more than one person changes the child’s nappies. Same applies with 
polydipsia and giving the child the bottle feeds 

e Association with childhood obesity - often Type 2 Diabetes (5-25% 
present with DKA) 


Major complication: cerebral oedema (specific in children) 


In 1-1.5% of children with DKA; mortality 24%, 26% of survivors have 
permanent neurological deficit 

Typically occurs within 4-12 hours after initiation of treatment, but may 
be delayed for 48 hours 

Regular GCS should be monitored as well as vital signs (Cushing’s triad: 
hypertension, bradycardia, irregular respiration > suggests increased 
intracranial pressure) 

Other symptoms: age-inappropriate enuresis, headaches 


Management of DKA in Children 


Aim: prevention of Cerebral oedema 


Careful fluid administration: initial fluid 10-20ml/kg N/S (Normal 
saline) over 1-2 hours (no initial bolus). Total volume administered over 
first 4 hours should not exceed 40-50ml/kg 

Delay insulin therapy until after 1-2 hours. Insulin boluses are a risk for 
cerebral oedema so they should NOT be given 

Hourly neuro-observations (BP, HR, RR, GCS) 


Management of cerebral oedema 


head elevation to thirty degrees 

reduction of IV fluids by 1/3 

mannitol 0.5 - 1gram/kg IV over 20 minutes 

intubation and ventilation may be necessary for respiratory failure 
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Case 2 - A Violent Patient 


A Violent Patient 


- Organic (resulting from a medical disorder) 
e Substance abuse 

e Other toxidromes 

e GOT IVS group of diseases 


- Psychotic 
e Schizophrenic 
e Manic 


e Delusional 


- Nonorganic Nonpsychotic 
e Personality disorders 
e Impulse control disorders 


GOT IVS: an acronym for organic causes of violent behaviour 


G - Glucose: hypoglycaemia, hyperglycaemia, HHS (Hyperglycaemic 
hyperosmolar state) 


O - oxygen: hypoxia 


T - Trauma: head injury or bleeding (shock) 
- Temperature: hyperthermia, hypothermia 


I - Infection: Meningitis, Sepsis 
V - Vascular: stroke, subarachnoid haemorrhage 
S - Seizure: postictal or status epilepticus 


Other Causes: sleep disorders, thyroid disorders, hyperparathyroidism, 
dementia 


Clues that Violent Behaviour may be Organic 


Rapid onset 

No history of prior violent behaviours or psychiatric disease 
Visual-olfactory-tactile hallucinations 

Abnormal vital signs 

Cognitive effects 

Slurred speech 

Confusion, disorientation 

History of trauma, physical evidence of trauma 

Substance abuse 


Hypoglycaemic Coma 
Symptoms 


1. 


2. 


Due to neuroglycopenia: 


Confusion, erratic behaviour 
Drowsiness, coma 


Due to adrenaline release: which increases blood glucose levels 


Sweating 
Nervousness, irritability 
Shaking of the hands\ 


Hypoglycaemia 
Suspect if: 


Bizarre behaviour 

Neurological signs (Anxiety, aphasia, slurred speech, focal signs, memory 
loss, lack of coordination, seizures, ‘stroke’) 

Coma 

Not all patients with hypoglycaemia have adrenergic signs (headache, 
tachycardia, hypertension, sweating, chest pain) 


Non-DM associated Hypoglycaemia > differential diagnosis especially in pxs 
with no previous history of DM 


Alcoholics 

Toxidrome: oral hypoglycaemics, b-blockers which block the adrenaline 
release of glycogen, salicylates, insulin, ACE inhibitors, antidepressants, 
dextropropoxyphene 

Liver disease: cancer, acute liver failure (carbon tetrachloride, ethylene 
glycol, amanita phalloida) 

Tumours: pancreas (insulinomas), tumours of mesenchymal origin, GI 
tumours 

Adrenal insufficiency 


Management of Hypoglycaemia: 


e In conscious patient: oral glucose (energy drink, energy bar), followed by 
low GI food because you need long term glucose to prevent 
hypoglycaemia 


e In unconscious patient/decreased level of consciousness: 50 ml of 50% 
glucose IV bolus 
NB: with longer acting insulin may be recurrence of hypoglycaemia 


e In an infant or child: 5ml/kg of 10% dextrose IV - Do not bolus 


e If patient is on medium- or long-acting insulin: needs low GI foods as soon 
as they ‘wake up’. Otherwise, continue with IV dextrose drip 


e Recheck blood glucose after 15 minutes 


e Children with persistent hypoglycaemia need dextrose in an electrolyte 
solution e.g., % DD, PMS, because it may be due to an insulin producing 
tumour 


Other Endocrine Causes of decrease LOC 


- Thyroid disorders (hyper- and hypothyroidism) 

- Syndrome of inappropriate ADH secretion (SIADH) which causes 
hypoglycaemia associated with decreased LOC & seizures 

- Cushing’s syndrome 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
Case 3 - A Sick patient in ICU 


A 30-year-old patient was admitted to ICU after a laparotomy for a perforated 
appendix. Unfortunately, the diagnosis was initially missed by the hospital the 
patient was first seen and the patient was only referred after 24 hours. At 
laparotomy he was found to have generalized peritonitis and the anaesthetist 
had been struggling to keep the blood pressure up. She had given large 
amounts of fluids and blood and had started the patient on an infusion of 
adrenaline (inotropic support). The patient is requiring increasing doses of 
adrenaline. 


What might be going on? 


- Patient is a late presentation 

- Peritonitis has caused generalized sepsis which has led to septic shock 

- Patient was given vasopressor support which is not being effective: 
adrenaline receptors in the peripheral tissues have become sensitive to 
adrenaline 

- Patient has adrenocorticosteroid insufficiency/adrenal gland cortex 
insufficiency > Addisonian crisis 

- Fortunately, therapy for both these is the same 


Acute Adrenocortical insufficiency 


1. Adrenocortical insufficiency may be 


e Primary: problem with adrenal gland itself 


Autoimmune (80% of the cases): polyglandular autoimmune syndrome, 
isolated adrenal insufficiency 

Adrenal haemorrhage or thrombosis: coagulation disorders, severe sepsis 
(Waterhouse-Friedrichsen Syndrome > adrenal haemorrhage caused by 
sepsis), necrosis caused by meningococcal sepsis 

Drugs: ketoconazole, suramin, aminogluthimide, etomidate 

Infections: TB, CMV, Histoplasmosis, cryptococcus, toxoplasmosis, HIV, 
Candidiasis 

Infiltrative disorders: amyloidosis, sarcoidosis, hhaemochromatosis, 
metastatic disease 

Surgery and trauma: bilateral adrenalectomy, adrenal trauma 

Genetic: congenital adrenal hyperplasia, adrenoleukodystrophy, familial 
glucocorticoid deficiency 


e Secondary: lack of pituitary ACTH (problems in pituitary): tumours, 
CVA, congenital 


e Tertiary: hypothalamic insufficiency, exogenous steroids 


. Precipitating factors 


e Sepsis 
e Trauma, including surgical trauma 


e Abrupt stopping of steroid therapy 


Diagnosis of Acute Adrenocortical Insufficiency 


Clinical: 


Signs of chronic insufficiency: weight loss, lethargy, weakness, vague 
abdominal pain, nausea, and vomiting, neuropsychiatric (confusion, 
disorientation) 


Precipitating factors: Fever, GI Illnesses, surgery, abrupt stopping of 
steroid therapy (oral, inhaler, topical for dermatological problem) 


Acute symptoms: postural hypotension to shock 


Laboratory: 


Primary adrenal insufficiency: low cortisol, low aldosterone, and high and 
ACTH. In secondary and tertiary: low ACTH 

FBC, U&E, Glucose, pregnancy test, ABG, Urinalysis 

ECG 

CXR (Pneumonia), CT Head (if symptoms of stroke) and abdomen (if 
adrenal mass), MRI Brain (pituitary mass) 


Management: 


1. IV Fluids e.g., Normal saline: may require many litres, monitor for fluid 
overload. 5% dextrose in normal saline if hypoglycaemia is present. This 
won’t be effective if you don’t add steroids 


2. High dose steroids: 
- Hydrocortisone 100 mg IM 6 hourly or as infusion sod 4mg/hour 
- Dexamethasone does not interfere with adrenal testing 


Broad spectrum antibiotics for possible infection or sepsis 
Vasopressor for refractory hypotension 


Treat the precipitating cause 


So ae 


Change hydrocortisone to oral steroid, and taper off dose to maintenance 
dose (usually equivalent to 5 mg hydrocortisone bd ) 
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Case 3 - A poorly controlled hypertensive 


Mr Cele, a 38-year-old, known hypertensive on Atenolol, HCT and Captopril 
presents to casualty as he is not feeling well. He complains of severe 
palpitations, sweating nausea and anxiety and he thinks that his last hour has 
come. He has had these attacks before, but they always went after 10-15 
minutes, but the current one has now gone on for 45 minutes. There is no 
history of polydipsia or polyuria. 


On examination you see a man who is lethargic, sweats profusely and has a 
blood pressure of 220/180. His breathing is normal. 


What might be going on? 


- Young hypertensive on 3 different medications which aren’t controlling 
his BP 

- Essential hypertension is a risk factor: they rarely have symptoms or 
fluctuations in their BP therefore the patient should not have been put on 
one hypertensive after another 

- BP is also very high which could be a malignant HTN 

- It looks like HTN comes in attacks, normal BP in-between is assumed 

- Therefore, the patient has non-essential hypertension 

- Cause of this causes extreme increase in BP then sudden resolution to 
normal BP > Adrenaline can do that 


Causes of secondary hypertension: ABCDE 


- Accuracy of diagnosis: query white coat hypertension, obstructive sleep 
apnoea, aldosteronism 

- Bruits (renal artery stenosis), bad kidneys (renal parenchymal disease: 

- C: excess catecholamines, coarctation of the aorta, Cushing’s syndrome 

- Drugs, diet rich in Na 

- Excess erythropoietin, endocrine disorders 


Which patients need investigations for secondary HTN? 


Patients who have poor response to therapy (resistant hypertension) > to 
more than 2 hypertensives 

Worsening of control in previously stable HTN patient 

Stage 3 hypertension (systolic blood pressure > 180mmHg or diastolic 
blood pressure > 110mmHg) 

Onset of hypertension in persons younger than 20 or older than 50 years 
of age 

Significant hypertensive target organ damage: retina, kidneys 

Lack of family history of hypertension 

Findings on history, physical examination, or laboratory testing that 
suggests a secondary cause 


Phaeochromocytoma: increased adrenaline due to adrenaline producing tumour 


Diagnosis 


Poorly controlled hypertension; paroxysmal elevation of BP. You can 
make diagnosis on BP chart in the wards 


Attacks of palpitations, sweating, pallor, pounding headache, anxiety and 
tremulousness, pulmonary oedema, feeling of impending death, 
hyperhidrosis (sweating), nausea and vomiting. 


Complications: hypertensive encephalopathy, myocardial infarction, 
stroke, end-organ hypertensive damage (eyes, kidneys, heart) 


Laboratory: 24-hour urine for free catecholamines and metanephrines; 
plasma levels (these may be normal if they are measured between 
attacks) 


Imaging 


- Isotope scan is used to tell you which side the phaeochromocytoma is 
located 
- CT scan (left): large field phaeochromocytoma with metastases 


Management 


1. Phenoxybenzamine (adrenal alpha-antagonist) 10 mg tds, increasing to 
max of 240 mg/day: this is given first because the biggest problem is the 
vasoconstriction 


2. Propranolol (beta-blocker) 40 mg tds, after 48 hours: this decreases 
amount of contractility in the heart 


3. Localization of the tumour: radioisotope scan 


4. Surgery by experienced surgeon who knows how to excise 
phaeochromocytomas > then send patient to the endocrine unit 
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Case 4 - A Breast Cancer Patient 


What bloods would you order? 


- Mammogram: dense, spiculated mass RUOQ. Large, dense axillary nodes 

- Clinically guided CNB right breast mass: IDC/Grade III/ER + PR + Her2 
negative/Ki 67 80% 

- CXR: No lung or pleural secondaries 

- Abdominal ultrasound: no liver secondaries 

- U&E, Creatinine: K+ 2.9mmol/l / Urea 20.2 / Creatinine 250 

- Liver function test: ALP 200/ GGT 120 

- Serum-calcium (corrected): 4.2mmol/1 

- FBC: Normal 


Hypercalcaemia 
Diagnosis 


e 90% due to malignancies (bone metastases, parathyroid carcinoma); 
aluminium toxicity (renal dialysis); tuberculosis, vitamin D toxicity 


e Bones (they become decalcified, so pathological fractures are common), 
moans (psychosis), stones (kidney), and abdominal groans, polyuria and 
polydipsia. 


e Measure serum calcium levels (should be > 3,0 mmol/l), PTH (take 
sample before starting treatment) 


e PTH elevated: primary hyperparathyroidism due to pituitary 
problem 


e PTH low or normal: malignancy of parathyroid gland like 
parathyroid carcinoma or other secondary cause 


Management: 
1. Volume replacement: induces calciuresis 


e 4 litres of NS over 24 hours 
e Aim for urine output of 100-150ml/hour 


2. Stop mobilization of calcium 


e Stop precipitating drugs (vitamin D, Thiazides, vitamin A, Aluminium) 

e Bisphosphonates e.g., zoledronic acid 4mg IV for malignant 
hypercalcaemia 

e Steroids for vitamin A or D toxicity or sarcoidosis 


3. Increase excretion of calcium 


e Loop diuretics (furosemide) 40mg 
e Dialysis 


4. Surgery for primary hyperparathyroidism 


Postoperative Fever 


A patient who has undergone a laparotomy for a perforated appendix is noted to 
have a high fever postoperatively. What are the possible causes? 


Causes of high fever postoperatively: 
1. Sepsis - most likely cause 
2. Malignant hyperthermia - complication of Halothane anaesthetic 


3. Thyroid storm - a very rare occurrence, and other causes of high fever 
should be considered first! 


Thyroid Storm 


= Often background history of hyperthyroidism: weight loss, heat 
intolerance, tachycardia, and excessive sweating 


= Precipitating event: infection, surgery, delivery, myocardial infarction, 
interference with thyroid 


« Symptoms: severe tachycardia, high fever, nausea and vomiting, 
agitation, confusion, delirium, or coma 


= Complications: CCF, mortality rate 10-75% 


Treatment: 


1. Inhibition of peripheral effects of thyroid hormone: Propranolol 1-3mg IV 
at 1mg/min (repeat as needed to a total of 5mg) 


2. Inhibition of synthesis and release of thyroid hormone: 


e Methimazole 20-30mg TDS for short term, then reduce to 
maintenance (5-15mg/day) or reduce frequency to daily 


e Propylthiouracil is controversial (liver failure) 


3. Inorganic Iodide (Lugol’s iodine 250-300mg orally 6hourly) or iodated 
contrast material (SSKI, Sodium iodid, iopanoic acid) 


4. Steroids: hydrocortisone 15-240mg orally IM or IV bd 
5. Treatment of precipitating illness 


6. Supportive measures: external cooling, cautious IV fluids, oxygen, 
diuretics for cardiac failure 


Myxoedema Coma (Hypothyroidism) 


Three main features: 
1. Altered mental state: psychosis, coma 


2. Hypothermia: may be as low as 230C, absence of fever in spite of severe 
infection 


3. The presence of a precipitating event: hypothermia, infections 
(pneumonia), myocardial infarction, CCF, CVA, respiratory depression 
due to drugs (anaesthesia, sedatives), trauma, GI bleeding 


4. Features of hypothyroidism 


5. Complications: respiratory depression, cardiac enlargement, bradycardia, 
CCF, paralytic ileus and megacolon 


6. Mortality 20-30% 
Treatment: 
1. Rapid thyroid hormone replacement 
= High dose (300-500 ug) orally or IV or low dose (25 ug) orally 
= ECG monitoring essential 
2. Treatment of the precipitating cause 
= E.g., antibiotics 
3. Ventilator and other organ support 
= Admit all to ICU 
= Most require ventilation 
= Usually associated adrenal failure: steroid replacement advocated 
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Case 5 - Post-Partum Problems 


- PP Bleeds lead to endocrine abnormalities (pituitary gland infarcts) > 
occurs in PP patients? 

- Pituitary gland during pregnancy and thereafter, produces oxytocin and 
PRL in large amounts. This leads to an increase in the volume of the 
pituitary gland and the gland becomes critically vascularized 

- In cases of hypotension, the vascularization will fall short, and infarcts 
will occur 

- This patient has an acute pituitary failure post-partum - Sheehan 
Syndrome 


Acute Pituitary Apoplexia: Caused by haemorrhagic infarction of pituitary gland. 


Precipitating factors: 


= Spontaneous 

= Pituitary tumour - common cause 

= Anticoagulation 

= Hypertension 

= Post-partum (Sheehan syndrome) - common cause 
= Raised intracranial pressure 

= Dynamic pituitary testing 

« Drugs: oestrogens’, bromocriptine, aspirin 


= Pituitary radiotherapy 


Signs of Chronic Pituitary Insufficiency 


- Thin axillary and or/pubic hair due to low thyroid hormones 

- Decreased libido due to low sex hormones 

- Infertility/amenorrhoea 

- Auricular calcification 

- Constitutional symptoms, including weakness, fatigue, weight gain, cold 
intolerance 

- Anorexia 

- Headaches and visual disturbances 

- GI complaints: abdominal pains, nausea, vomiting, diarrhoea, 
constipation 

- MSK Complaints: myalgia, arthralgia 

- Psychiatric complaints including depression, apathy, psychosis and 
pseudodementia related to myxoedema 


Density of Sella turcica is very similar to density of CSF 


Acute Pituitary Apoplexia - Diagnosis 


Severe headache, nausea and vomiting, photophobia, and loss of 
consciousness 


Neuro-ophthalmic signs: ocular paresis, visual field defects, blindness > 
from optic nerve compression 


Circulatory collapse 


Confirmed with CT or MRI 


Management: 


1. 


Draw bloods for cortisol, prolactin, FSH, LH, oestradiol/testosterone, sex 
hormone binding protein, free tyrosine, TSH, insulin-like growth factor-1, 
and ACTH, urinary and plasma osmolarity. 


. On suspicion: hydrocortisone 100 mg IM or IV stat every 6 hours; monitor 


blood sugar 
Cardiopulmonary support 


Urgent neurosurgical referral 


Slide 1 - Fluid and electrolyte issues 

* Fluid & electrolytes, basics of ICU, nutrition, and myonephropathic syndrome 
address some of the common reasons why patients end up in the ICU and some 
the principle you can use as a junior doctor to pick up all the problems and deal 
with them before the patient is so sick that they need to be admitted to an ICU 


Slide 2 - Claude Bernard 

* Was a physiologist of a few centuries ago and he described the concept of “the 
milieu interieur” 

* that part of the body where the fluid and electrolytes had to be in a balance 
for the body to work optimally physiologically 

*We look at 3 aspects: oxygenation, perfusion and inflammation 

*and in all of these (above mentioned 3) the fluid and electrolytes are involved 
because the fluids carry red cells which help to oxygenate and perfuse and if 
the numbers go out of sync the inflammation process occurs which is not 
beneficial 


Slide 3- K/Na diagram 
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Total Body Water (TBW) = 60% of weight = 42 litres 
Intracellular Fluid (ICF) = 2/3 of TBW = 28 litres 
Extracellular Fluid (ECF) = 1/3 of TBW = 14 litres 
Interstitial Fluid (ISF) = % of ECF = 10 litres 
Intravascular Fluid (IVF) = % of ECF = Alitres 


*Keep in mind however that most of our body, approximately 70% thereof is 
made up of liquid of which 60% is body water and 10% cells suspended in the 
liquid 

*The capillary membrane that we know as the endothelial single cell layer is not 


a flat cell - It actually has a hairy brush boarder illustrated on the image on the 
left - That is known as the glycocalyx >When it is damaged, inflammation 
occurs, when inflammation occurs fluid shifts and oedema occurs and 
electrolyte imbalances results 


Slide 4-acute electrolytes disorders 

*Importantly the issue with the electrolyte disorders is NOT how much the 
change is BUT the rate of change that’s important 

*additionally electrolyte disorders affect the pH, thereafter acid-base is 
important in understanding the management of these electrolyte disorders 
*there are 5 electrolytes concerned with, the major ones being Na/sodium and 
K/Potassium 

*and K+/Ca+ balance for cardiac function 

*and K+/Na+ balance for the rest of the body 

*and Mg++, and to a certain extent phosphate in the context of muscle function 


Slide 5- fluid packaging, “these are drugs use them carefully” 

*the reason it is important is because fluid contain electrolytes and therefore 
you need to know about electrolyte imbalances to be able to correct them using 
the appropriate IV/ intravenous medications 

*these fluids are drug, so you do have to use them carefully and for that reason 
we recommend that you half correct rather than fully correct any deficit, at 
least initially 


Slide 6- prevention is better than cure 

*To avoid this problem in the first place one has to be able to prevent fluid and 
electrolyte imbalances 

*for this it is important to understand what the daily needs of the average adult 
* the basic needs water wise is 30 to 35ml/kg body weight for 24 hours and this 
is to replace the insensible losses in evaporation, exhaled breath and so on, as 
well as any sensible losses from sweating and fever which can amount to 1 to 3 
litres in a 24 hour period 

*so it is important to understand that the additional losses from GI tract 
pathology, because dealing often with surgical patients and other prior deficits 
need to be adjusted as well 


Slide 7- the metabolic response to injury 

* when the patient is not well they undergo a metabolic response to injury and 
inflammation 

* during the EBB phase there is an increase in temperature, some weight loss, 
and there is as a result of protein turnover, a drop in the reaction of the body to 
other elements 

*whereas during the FLOW phase the stress hormones are released, 
hyperglycaemia occurs which is usually between 4 to 6 hours post injury/ 
inflammation, insulin resistance occurs and there will be a drop in the urine 
output - ALL of which indicates that the patient is under-perfusing and leading 
to anaerobic metabolism 


Slide 8- “which fluids?” 

*sustra samitha - some 700BC made a statement that most of medicine has 
taken a long time to re-learn namely that the best treatment of a lost substance 
is to replace it by an identical expander 


*For this reason it is important to understand what electrolytes and fluids 
contain such that when you administer fluids to a patient or resuscitation or 
maintenance that you give them the correct fluids 

* in the first 24 hours post-acute admission ringers lactate or BALSOL or 
modified ringers lactate, plasmolyte B (all very similar in content) are 
appropriate resuscitation fluids - they contain NO carbohydrate because the 
patient cannot metabolism carbohydrate at this time and often has insulin 
resistance 

*after resuscitation in the second 24 hours and thereafter a maintenance 
solution such as maintelyte, electrolyte number 2 also called E2 is 
recommended as it contains 5-10% dextrose water PLUS the electrolyte content 
are in the replacement values 

*ringer’s lactate can be given as a bolus rapidly because contains electrolytes 
very similar to plasma 

*whilst maintelyte and E2 (similar fluids) contain higher doses of K+ 
(potassium) and if given rapidly can cause side effects 

*additionally if the patient is able to eat, enteral feeding early, recovery after 
surgery as it is called is important as well 

*By day 3/8 hours or so enteral feeding takes a place of prominence 

*for specific losses there may be additional fluids required 

*if losing gastric loss - it is K+, saline and hydrogen that is being lost, normal 
saline is the fluid of choice with or without additional K+ 

*whereas if the losses are from lower down in the GI tract ringer’s lactate or 
plasmolyte is an acceptable alternative 


Slide 9- siggard-anderson acid-base chart - Acid-Base & the interpretation 

of a blood gas 

*this picture in front of you is the siggard-anderson chart 

*We have simplify how we interpret blood gases for the simple reason that it is 

important to be able to know what is happening with your patient and make the 
right treatment strategies to manage these problems 


Slide 10-arterial blood gases 

*arterial blood gases are measured through an arterial blood gas analyser 
(some are measured directly, some of the results are calculated or derived) 
*initially the PH which is a log value of the amount of hydrogen, the “7 
puissance hydrogen” 

* the paCO2, paO2 and Hb are directly measured 

* the TCO2, the bicarb (aHCO3), the standard base excess (SBE) and actual 
base excess (ABE) are derived by calculations 

* the important values to look at are the: PH, paO2, standard bicarb (SHCO3), 
and SBE - These are values that can be used to determine therapeutic 
interventions 


Slide 11-buffering systems 

*the reason for this is that the blood gas is all about understanding where the 
patients buffering systems are, whether they are compensated or not 

*most patient presenting with an acute illness will present either with a 
metabolic acidosis or respiratory acidosis - depending on whether the primary 
pathology is in the metabolic system (cellular level) or pulmonary (such as a 
pneumonia) 


*compensation may occur and a respiratory alkalosis compensates for a 
metabolic acidosis 

*metabolic alkalosis attempts to compensate for respiratory acidosis 
*although even with buffering systems, these compensations are usually not 
comprehensive and complete 


Slide 12- acid base disorders 

*the acid base disorders that occur commonly are metabolic acidosis from 
anaerobic metabolism such as shock and trauma, DKA (endocrine emergencies 
section), renal failure (discussed under acute kidney injury) and certain of the 
poisonings (toxicology section) - some of these poisonings may be addressed by 
dialysis 

*metabolic alkalosis is usually is usually as a result of GI losses from the upper 
GI (classically seen with pyloric stenosis seen in children, but also with 
persistent gastric outlet obstruction and vomiting), drug induced or as a result 
of hypokalaemia 

*respiratory acidosis is primarily caused by a problem in the lungs, either 
chronic lung disease leading to a chronic respiratory acidosis with some degree 
of compensation, or excess sedation or sedative drug such as morphine, 
heroine, or similar drugs leading to less respiratory rates 

*respiratory alkalosis is commonly seen in people who are hyperventilating 
usually as a result of stress reaction 


Slide 13- how to read a blood gas 

*ONLY 3 THINGS need to look at to interpret the blood gas: 

*firstly, the PH - need to know is it normal (7.40), low or high - anything below 
7.40 is heading towards an acidosis, anything above 7.40 is heading towards an 
alkalosis 

*While normal is 7.4 however there is a range between 7.35 and 7.45 within 
which the PH is considered acceptable 

*secondly, paCO2 - is it low, normal or high 

*thirdly, base excess - this indicates whether or not there is compensation 

* if the paCO2 is low and the base excess high - that is a compensated reaction 
whereas 

* if the paCO2 is low and the base excess normal - shows a lack of 


compensation suggesting the pathology is more acute 


How to Read a Blood Gas 


7 > Acidosis Eaa Alkalosis 
BASE 


m- EXCESS 
Low Normal m- 


Alkalosis + 4 CO2 Alkalosis + T CO2 


Uncompensated Compensated 
Respiratory disorder || Metabolic disorder 


Normal CO2 Uncompensated 
Normal patient Metabolic disorder 


Slide 14-metabolic acidosis 

*metabolic acidosis is important when dealing with medical emergencies 
because patients present in shock 

*they may have all of the symptoms including headache, sleepiness, confusion, 
muscle weakness. *They may present with diarrhoea, SOB, cardiac arrhythmias 
and even nausea and vomiting 

*this is particularly true for those with medical emergencies such as DKA, renal 
failures and drug overdoses 

*In the case of those with an anaerobic metabolic acidosis as a result of 
hypoperfusion or hypoxia - there is usually a visible underlying pathology such 
as multiple trauma or a myocardial infarction 


Slide 15 -2 images 

*Identifying shock and treating shock - concept of shock (trauma lectures) 

*but more importantly the definition thereof is very difficult 

*it was more than 100 years ago that these 2 gentleman made their 

assessments around the concept of shock 

*John Collins Warren, famous surgeon of the 1700s said shock was a momentary 
pause in the act of death and probably still the best diagnosis/ definition of 
shock is what Samuel Gross in the 1800s called the rude unhinging of the 
machinery of life, because this is indeed what happens and there is so many 
processes going on that it is difficult to be more precise 


*today we know shock as being related to inadequate cellular perfusion leading 
cellular dysoxia which results in a metabolic acidosis as a result of anaerobic 
metabolism 


Slide 16-the early concepts of shock 

*the early concepts around shock started with the incorrect English translation 
of the French word CHOC which was said by HENRI LEDRAN in the 1600s 
*this related largely to a nervous breakdown or nervous depression 

*wasn’t until 1896 where a guy named Riva-Rocci designed what we call the 
sphygmomanometer that there was an equation that low blood pressure, 
general perturbation of the nerves and pooling of blood as a possible definition 
of shock 

*prior to this, the resuscitation from shock was seen as blowing smoke up ones 
anus, from where the colloquial term is sometimes derived 

*it wasn’t until 2"? world war in the 1940s that the assessment was made that a 
low blood pressure was equated to a low blood volume and may be replaceable 
by replacing the lost fluids 

*it is since then that the debate has always been about what fluids, how much 
and how quickly it should be given 


Slide 17- the meaning and machinery of life 

*as we have said this all comes down to metabolics - the most important of 
those metabolics is the production and utilisation of ATP 

*during NORMAL AEROBIC metabolism - 36 ATP are produced (36 is the 
meaning of life NOT 42) 

*But when ANAEROBIC metabolism occurs - production drops right down to 
the 2 ATP that are produced in the plasma because the mitochondria stop 
functioning 


Slide 18-adenosine triphosphate 

*ATP - that keeps us alive 

* total body store is around 100g, however we use as much as a 100kg of ATP in 
a day which shows how rapidly our bodies are able to produce and turnover this 
vital molecule 

*the daily turnover is 12 x 10(25) molecules (huge number of molecules of ATP 
to produce in a day) 

*if you think then that the patient produces only 2 ATP’s per mole of glucose 
when there is anaerobic metabolism, then you understand why patients in shock 
are so sick - because not only are they not producing but already have a deficit 
in their cells and their cells are unable to function properly 


Slide 19- World map - 12 x 10(25) molecules of ATP are said to be the same 
amount of cups of water in 200 pacific oceans 


Slide 20- surgery 

*what we will be able to do one day is provide ATP as an infusion and not have 
to even use blood and blood products > has been much work done on it, but 
very much in its infancy 


Slide 21- Fluid and electrolyte correction 

*the first priority is always VOLUME 

*the second priority (in order) is to correct PH, then K+ (because when the K+ 
corrects the Na+ corrects as well), then Ca++ (for cardiac contractility), and 


finally Mg+ (to ensure that the K+ correction is maintained) 
*for K+ to absorbed effectively into the cell, Mg+ levels need to be normal 


Slide 22- acute potassium disorders/hyperkalaemia 

*Most life threatening is hyperkalaemia usually caused by renal failure or 
massive tissue damage (seen in patients with multiple trauma/ community 
assaults) 

*firstly the primary effect is cardiac - leads to tall T waves, depressed ST 
segments, broad complexes progressing to bradycardia and sudden asystole 
*additionally, the reason for the hyperkalaemia is usually because there is some 
inadequate renal excretion or because there is excessive production from 
damaged cells 

*treatment 


- Stop giving K+ - make sure that electrolytes in the fluids given to your 
patient DO NOT contain massive amounts of K+ 

- To protect the heart, it is important to administer Ca++ Chloride - this 
blocks the Ca++, K+ channels and prevents the dysrhythmias that might 
occur (10ml IV over 10 minutes, if only have Ca++ gluconate - need to 
give 30ml to achieve the same effect) 

- Induce an alkalosis either by hyperventilation of via IV bicarbonate 

- Then force the K+ back from the ECF (extracellular fluid) to which it is 
being released back into the ICF (intracellular fluid) where it normally 
functions: to achieve this insulin-dextrose infusion - usually 50m1/50% 
dextrose with 10 units of actrapid OR nebulise beta agonists and even IV 
agonists such as salbutamol may be required 

- For the longer-term management remove the K- via ion exchange resins 
such as kayexalate or dialysis in the acute phase is the preferred option 


Slide 23- Acute potassium disorders: Hypokalaemia 

*usually caused by us or pathologies that comes to us as surgeons > iatrogenic 
diuresis from giving too much furosemide 

*or from GI losses such as vomiting, diarrhoea and fistulae 

*the effects are muscles weakness, metabolic alkalosis, flattened T waves and 
the rest of the cells that do not work 

*the risk here is a prolonged QT which puts the patient at risk for a torsade de 
pointes cardiac arrhythmia 

*it is important to correct the underlying alkalosis, administer IV potassium and 
if necessary administer IV magnesium (to ensure that the Potassium moves to 
the IC space) 

*usually more time here, hyperK+ is far more dangerous than hypoK+, although 
hypoK+ is far more common 


Slide 24- acute sodium disorders/ acute water disorders 

*the sodium disorders are primarily water disorders 

*there are hyponatraemic and hyponatraemic water disorders primarily as a 
result of water dilution of water dehydration 

*the 2 major groups that are of interest to us here in the trauma population are 
those with head injuries who can suffer from inappropriate ADH secretion, 
which leads to water retention with hyponatremia BUT volume dilution and 
water overload 

*there may also be cases of excessive water intake, or cardiac and renal 


dysfunction 

*sodium loss through sweating and fistulas may occur but usually not a major 
contributing factor 

*cerebral salt wasting syndrome - another one of the complications of severe 
head injuries is a cause of hyponatraemia without the water overload - these 
patients have high urine sodium loss as well as some water loss 

*whereas in the hypernatremia as a result of inappropriate ADH secretion, they 
have low sodium in the urine, and no water excretion, so primarily a dilutional 
pathology 

*hypernatremia is usually as a result of excessive water loss - seen in diabetic 
emergencies with DKA, but also seen in head injuries with cerebral diabetes 
insipidus - this results in the non-production of ADH by an injured pituitary 
gland leading to excessive water loss and dilute urine with an associated 
hypernatremia, usually with a sodium level greater than 100 

*sodium gain can also occur however, multiple infusions and bicarbonate 
therapy with sodium bicarbonate are primary causes 

*both of these issues should be addressed by every day, by checking which 
infusions are necessary for the patient before continuing with them 


Slide 25- acute calcium disorders: hypocalcaemia 

*hypocalcaemia is far more common than hypercalcaemia, hypocalcaemia 
causes a lot of problems in circulation 

*hypercalcaemia however may be a presenting reason for a patient who comes 
in as an emergency 

*hypocalcaemia is usually a marker of inflammation, pancreatitis, 
hypoparathyroidism, metabolic alkalosis and massive blood transfusion - ALL 
are common contributors 

*massive blood transfusion with coagulopathy, uses up Calcium as it is the 
factor 5 in the clotting cascade 

*these patients present with muscle irritability and tetany, and may actually 
have seizures, have intestinal cramps and colic, and may present with 
paraesthesia of the fingers 

*administration of Calcium chloride or Calcium gluconate - is the treatment of 
choice 

*important to look at the ionised fraction of the Ca on the blood gas as a marker 
of true level of pathology 

*if the level is around 1 it is acceptable, anything below 0.9 is too low - please 
replace. 


Slide 26- acute calcium disorder: Hypercalcaemia 

*less of a problem in hospital than as a presenting problem to hospital 

*protein bounding exists to carry calcium in the blood 

*ionised fraction is important, >2.5 is pathologically high - usually as a result of 
some underlying metabolic disorder 

*hyperthyroidism and renal failure (endocrine section) 

*metastases presenting as bone dissolution with hypercalcaemia are also very 
common - may be one the emergencies in oncology which need to be aware of 
*patients present very weak and lethargic, sometimes confused and very similar 
DKA in that they have polyuria and are very thirsty 

*along with Na, furosemide is very effective in diuresing Calcium 
*administration of AGENTS such as Na Bicarbonate with furosemide, induces 


alkalosis and enables diuresis to occur 

*often in the acute phase dialysis is required 

*calcium binding agents such as the bisphosphonates 

*steroids to suppress the inflammation and the metastatic tumour 
*mithramycin as a chemotherapy agent may be useful in resistant 
hypercalcaemia 

*classically presents with the acronyms of BONES, MOANS, GROANS AND 
STONES 

*Painful bones, cyclic moans because they get confused, groans from abdominal 
pains and stones a result of renal stones 


Slide 27- Phosphate - DON’T EVER FORGET ABOUT PHOSPHATE 

*It is the forgotten ion and has a lot of roles, apart from ATP, in the production 
and contractility of muscles. It is a co-factor in potassium correction 
*potassium hydrogen phosphate also known as potassium phosphate is the 
DRUG OF CHOICE to replace if it is low 

*if there is hyperphosphatemia, it is a marker of inadequate renal function and 
may require use of dialysis 

*Hyperphosphatemia in re-feeding suggests this is a malnourished patient at 
risk for a re-feeding syndrome 


Slide 1 - Introduction 
*We will discuss the basic steps to critical care 


Slide 2 - Introduction 

*critical care is a concept; it is all about physiology and this is the important 
difference between trauma surgery/medicine and general surgery/medicine 
because in the former, physiology is important and in the later, anatomy is 
important 

*understand that critical care is as important as surgery 


Slide 3 - What are the basics? 

*management of airways 

*ventilation and how we do it beyond the emergency department 

*stopping the bleeding (C-ABC) 

*Coagulopathy kills so deal with it 

*dealing with the subsequent phases of damage control and operative timing 
*FASTHUG concept and using it to avoid complications, and in trauma patients, 
using it to avoid missed injuries 


Slide 4 - Going back to A 

*In the ICU, we aim to get pxs off their ventilator ASAP 

*As such, we limit sedation and analgesia to keep the patient comfortable 
*Multimodal Therapy approach is used: mixture of lower doses of analgesics, 
sedatives and other agents that help keep the patient calm and cooperative 
*Most of the time in our ICU, we use combination of Ketamine & Morphine 
infusion although other places may use Propofol or in the private sector, 
Precedex (Dexmedetomidine) 

*If using Midazolam, it should be as low a dose as possible, and really only to 
counteract the side effects of drugs like Ketamine 

*Long run issues with Midazolam is that it has been shown to have certain 
effects on brain even up to 6 months down the line 


Slide 5 - Longer-term Airway Issues 

*From an airway perspective, in the long term, we want to get the tube out of 
the throat 

*its uncomfortable to be intubated with ET tube for prolonged periods of time so 
in that context, tracheostomy has the long-term benefits of a definitive airway 
*makes bronchial toilettes easier for the nurses and associated with decreased 
ventilator stay and days in ICU, and may also reduce incidence of pneumonia 
and allow for quicker recovery 

*How & When we do tracheostomy? > that’s where the debate continues 

*one would not want to do a tracheostomy until the C-spine is cleared 
*however, in patients with massive facial injuries or severe head trauma, or 
where they have really bad lung disease - an early tracheostomy (Somewhere 
between day 3 and 7) is associated with improved outcomes 


Slide 6 - Which tracheostomy? 

*Whether we do the tracheostomy as percutaneous dilatational type with a 
semi-open guidewire, OR, as an open surgical procedure (as detailed by the 
Royal College of Surgeons), there is no real difference in technique or the 
outcome 


*it is however, important that if you can do percutaneous tracheostomies, you 
also learn the technique of open tracheostomy so that you are able to manage 
any complications that should occur 


Slide 7 - Ventilation (How to do it) 

*once airway is secured, we have to talk about ventilation which is all about 
lung compliance which is determined by thoracic compliance, thoracic 
resistance, and various other factors 

*if the lungs are stiff, you can allow higher pressure ventilation to achieve the 
same expansion 

*As mentioned in the resuscitation phase, in the early phase we aim for 
recruitment using PEEP & volume/pressure control with slightly higher tidal 
volumes around 8-10ml/kg (initially) 

*once the patient has stabilized and certainly if a significant traumatic brain 
injury has been excluded, the Controlled Pressure-based Support ventilation 
using a lower tidal volume (6-8ml/kg) is advocated for, to protect the lungs from 
damage 

*Aim: achieving SIMV-Pressure control, with a tidal volume to achieve a PaO2 > 
8kPa/60mmHg, and to keep peak pressures and delta-P driving pressures 
<30cmH20 


Slide 8 - Ventilation for Neurotrauma 

*Aim to achieve normocapnia > so lung protective ventilation which allows for 
hypercapnia and acidosis is not useful in the context of brain injury 

*aim is to be neuroprotective, at least for the first 48hours while the patient is 
sedated but not paralyzed 

*aim is not to paralyze patients beyond the emergency operating room because 
the longer we paralyze them, the more detrimental the effect on the diaphragm 
during recovery 


Slide 9 - Other Chest Issues 

*need for early referral for aggressive chest physiotherapy > most involved in 
early phase 

*using BAS (Berotec/Atrovent/Saline) nebulisers loosens secretions and works 
better than saline alone 

*for intubated patient that needs suctioning, please suction for a max of 20 
seconds, and ensure preoxygenation of patient with 100% oxygen for about 10 
sec before starting suction 

*Chest tubes: DO NOT CLAMP them when moving them, turning them or 
transferring them as you may induce acute tension pneumothorax which may be 
fatal for patient 

*Know which ventilator each unit/hospital uses as there are so many on the 
market 


Slide 10 - Image 
*we have to set targets for ourselves when dealing with critically ill patients 
(end points for our resuscitation and management of patient) 


Slide 11 - 1:1:1 

*One goal is to achieve blood coagulation in bleeding patients 

*1 packed cells:1 plasma: 1platelet transfusions 

*Bedside dynamic coagulation tests such as the Rotem or Teg > e.g., patient is 


hypercoagulable with a decreased alpha angle and narrowed 20 min and 10 min 
amplitude suggesting that the patient needs clotting factors and plasma in the 
form of platelets to try and improve clotting 

*it doesn’t necessarily reflect the haemoglobin but that is easy to measure on 
ABG and can be topped up as necessary 


Slide 12 - Image of Theatre 

*Other end points are to use what we have effectively 

*in SA, we have blood shortages, so autotransfusion (giving back patient their 
own blood), as harvested from chest tube like the Sinapi device > putting 
blooding in warming device > then adding clotting factors 

*this saves on red cell transfusions and is readily available in the patient 


Slide 13 - Invasive Lines in ICU 

*To be able to achieve a certain BP, one must be able to monitor intravascular 
arterial BP 

*This will guide us on how to adjust medication, volume resuscitations etc. 
*Arterial blood pressure works on a Wheatstone bridge philosophy which 
transduces the pulsations of arterial blood into a visible electronic signal via a 
catheter 

*it uses a firm cable and an electric transducer that will allow reflection of 
pressures, and there are lots of ups and downs with this: they can be over- or 
underdamped but this is useful for beat-to-beat monitoring of BP in a critically 
ill patient 


Slide 14 - Invasive Lines in ICU 

*Central Venous Catheters: placed with sterile technique (gown, gloves, visor), 
placed in subclavian, internal jugular or femoral veins, and if placed in the 
subclavian vein, they should be attached to the pectoralis muscle and not the 
should joint as this is mobile and can dislodge the catheter 

*the tip should sit just above the right atrium and confirmation on CXR for tip 
position and absence of complications like a pneumothorax is essential 
*Gastric Tubes: can be placed for feeding or drainage. Check with CXR to 
ensure that tip is in the stomach. Other methods like measuring Ph of the 
effluent are not accurate/acceptable alternatives 


Slide 15 - Picture 

*(Left): high-capacity lines useful for when patient moves to ICU to continue 
autotransfusion and administration of blood at high volumes in patient who’s 
bleeding has now been controlled 

*you have plugged the hole but now you have to fill the tank 


Slide 16 - Cardiac Drugs 

*Inotropes: for brady-dysrhythmia, an adrenaline infusion may be useful. 

*for patient with low BP as a result of septic shock, the same applies 

*start adrenaline infusions earlier and titrate to effect as we volume resuscitate 
*Antihypertensives: for patient for instance with an aortic injury who are 
awaiting a stent, we give antihypertensives to keep BP in low normal values so 
as not to increase the stress in the injured aorta 

*for patients with HTN of other causes, who are critically ill, give enteral ACEI, 
Ca channel blockers, B-Blockers to control rate and pressure 

*for contractility issues like tachy-dysrhythmias, adenosine and amiodarone 


prepared as boluses or infusions 
*b-blockers may also be used for contractility and heart rate 


Slide 17 - Use of drugs for the CVS 

*We prefer using inotropes instead of pressors because pressors alone cause 
vasoconstriction which can lead to ischemia if it is unopposed 

*Adrenaline (at quad strength) is 16mg in a 200 N/S (normal saline), and this is 
titrated through an infusion pump to achieve MAP > 65mmHg 

*we reduce the adrenaline infusion rate as the volume is restored and wean this 
as quickly as possible but don’t wait too long before starting because more 
evidence is showing that if you wait until you have got volume on board first 
before starting adrenaline, you are catching your tail and it takes longer to 
resuscitate the patient 

*Dobutamine: only beneficial in elderly patients particularly those with CCF 
who need contractility support while coming off the ventilator 

*Pure pressors e.g., phenylephrine or ephedrine, in the trauma particular 
population are associated with increased mortality on the basis of distal tissue 
ischemia and gut ischemia (not recommended for routine use) 


Slide 18 - FASTHUG Saves Cells 

*describes by Belgian professor of intensive care, Jean louis Vincent, as 7 
groups of actions which are associated with improved outcomes 

*basis for which we have ‘bundles of care’ in ICU e.g., oral care bundle 
(chlorhexidine mouth wash, regular pharynx suctioning, sitting patient head up 
to improve swallowing and reduce micro aspiration of the lungs and this is 
supposedly meant to reduce the incidence of ventilator/hospital acquired 
pneumonia 


Slide 19 - Step 1: FEEDING 

*Early enteral feeding improves survival particularly in trauma patients 
*unless contraindicated, we aim to start feeding at the latest by day 3 post 
injury 

*we attempt to be at full feed by day 5 

*we aim to feed in the stomach first preferably using a semi-elemental feed in 
those on inotropes or a full feed in those who are not 

*offer a trickle feed in those who are more ill 

early enteral nutrition is associated with less stress ulcers and the earlier 
patients can feed, the better the healing 

*TPN (Total Parenteral Nutrition)/ IV Feeding has no early benefit and should 
wait till day 5. If patient has not tolerated 50% of their goal weight, then TPN 
should be offered 


Slide 20 - Step 2: ANELGESIA & SEDATION 

*Avoid paralytic agents long term in the ICU because of risk for CINMA (Critical 
Illness Neuro Muscular Anomaly) which prolongs the ICU stay - it’s almost like 
a neurotoxic snake bite in that, the patient’s neural receptors do not work > 
atrophy of diaphragm > can no breathe well on their own therefore, get 
patients off these drugs and get them breathing on their own 

*We base our sedation on a scoring system: Ramsay Scale used in IALCH unit. 
There are other systems like RASS. It is important to do a daily sedation hold in 
stable patients to allow them to wake up, especially those who do not have head 
injuries. 


*Communicating with patients allows them to be awake and cooperative so they 
do not need their ventilator > makes it easier to wean them off the ventilator in 
the first place 

*try to reduce the number of Benzodiazepines because of long term cognitive 
side effects on the brain 


Slide 21 - Step 3: STEROIDS 

*Steroids have uses! - while there is no role for them in spinal cord injury or 
head trauma, there is a role in severe acute asthma, anaphylaxis and in 
vasopressor dependant shock 

*Patients who have septic shock will need adrenaline infusions to keep their BP 
up: if they’ve required adrenaline infusions for 6-12hours, we recommend 
starting HYDROCORTISONE 50-75mg/6hourly IVI as a bolus until such time 
they are on their inotropes. Then, depending on whether this is taken, you will 
wean or stop the steroids. 

*steroids work by prompting the insulin and adrenaline receptors on cells to be 
more receptive so that drugs have greater effect. Additionally, it may replace 
physiological depletion that adrenal glands may have suffered (Relative adrenal 
insufficiency) 


Step 22 - Step 4: THROMBOPROPHYLAXIS 

*DVT & PE kill patients. Trauma is a high risk group for these because initially 
the patient is coagulopathic but as this improves by day4/5/6, the patient goes 
through a hypercoagulable phase as the proteins C & S are restored 

*LMWH (Low molecular weight heparin) is the drug of choice as they require no 
monitoring but may need dose adjusting for those > 80kg 

*should combine drug therapy with stockings in mobile patients or pressure 
device that work on the calves in patients who are supine. Stockings do not 
work well in patients who are not walking 

*safe to start about 48hours after definitive haemorrhage control and in 
patients with traumatic brain injury, to commence the thromboprophylaxis at 
this point 


Slide 23 - Step 5: HEAD UP (30-35 degrees) 

*The greatest advance in ICU care! By raising head of the patients who are 
supine, there is decreased intracranial press. It has been shown to be 
associated with decreased VAP (ventilator associated pneumonia), allows for 
better oral care (especially when combined with Chlorhexidine mouthwash), it 
is associated with less atelectasis because the west zones of the lungs are ina 
more anatomically correct position, it is easier to feed patient because NG tubes 
work effectively by gravity which improves with the head up 


Slide 24 - Step 6: ULCER PROPHYLAXIS 

*Both stress and pressure ulcers! 

*Stress Ulcers are fortunately less common today. Because we try to resuscitate 
patients better, we try to deal with the underlying pathologies as quickly as 
possible and because there is an effective prophylaxis available 

*Little or No benefit of PPI/H2-blockers over Mucosal protectors 

*Mucosal like Sucralphate is recommended drug of choice for coating the 
stomach except in renal 

*Less VAP with mucosal protector 

*PPI remains available for treatment of stress ulcers should they develop it 


(dysfunction) but there is less stress ulcers in modern practice 

*Pressure relieving mattresses standard of care along with regular 2-hrly 
turning of patients who are supine or immobile is important to prevent pressure 
sores 

*Grading of pressure sores: from simple, superficial blistering & skin redness to 
full thickness skin loss and even as far as deep tissue necrosis 

*Grade 1 to Grade 4 


Slide 25 - Step 7: GLUCOSE CONTROL 

*There will be hyperglycaemia in the acute phase because of the inflammatory 
response, but we know that long term hyperglycaemia increases sepsis risk, and 
sepsis is the third group of death causes in hospital 

*Van den Berghe study looked at keeping glucose levels between 4,5 - 6mmol/1 
in cardiac patients > dramatic reduction of sepsis incidence in patients 
*Problem was that when this therapy was extrapolated to non-cardiac patients, 
numerous hypoglycaemic events occurred 

*The British NICE (National Institute for Clinical Excellence) did the NICE- 
SUGAR study which showed that for those above 6mmol/] but < 8.3 mmol/l and 
<10mmol/l with insulin infusions had no increased mortality and less 
hypoglycaemia 

*Today, we will tolerate up to 10mmol/l glucose, provided that the patient is on 
an IV (or in the wards, a 4 hourly) subcutaneous insulin sliding scale - check 
hourly in ICU 

*Normal insulin therapy is not applicable here, this is not diabetic treatment > 
this is for sepsis induced hyperglycaemia 

*Physiological replacement - insulin resistance 

*SC and 4hrly in sick ward patients 


Slide 26 - Avoiding Complications 

*FASTHUG & Resuscitation aims to avoid complications like anastomotic 
breakdowns, risk of fistulas, abdominal closures, and abdominal dehiscence 
*For any patient in the ward with a temperature/any fever >38.4C for more 
than 24 hours, septic screening should be offered. 

* It is important to know your regular pathogens in your community and in the 
hospital and treat accordingly with appropriate antimicrobials rather than 
rushing to start the top of the range antimicrobials on everybody such as 
Meropenem, Vancomycin, and Metronidazole and an antifungal. 

*This will cause more resistance in a situation where we are already short of 
antimicrobials - de-escalation is a myth! 

*Give more colloid and less crystalloid in ICU 


Slide 27 - Early Renal Replacement Therapy 

*one of the definitions of intensive care is to prevent acute kidney injury/one of 
the roles of intensive care is to manage renal replacement 

*trauma Causing tissue injury releases toxins as can certain drugs that are 
taken in overdose leading in AKI 

*Hypotension doesn’t help, as it causes renal ischemia 

*myoglobinuria causes an obstructive picture 

*one must look for the patient who needs RRT and identify them regularly by 
daily/regular screening of Urea & Creatinine, urine output and looking for 
underlying causes is essential 

*SLED (Slow Low Efficient Daily Dialysis)/continuous dialysis is recommended 
since this is tolerated better depending on whether it is a surgical or a medical 
patient 

*do not overdo the volume reduction - take off as much volume as is necessary 
to get them out of pulmonary oedema but do not make them hypotensive - they 
may be overloaded clinically but still be intravascularly hypotensive 


Slide 28 - Who needs dialysis? 


*Acid-base issues refractory to volume therapy 

*electrolyte problems refractory to medical interventions such as potassium 
that’s resistant to insulin-dextrose infusions 

*intoxications of certain drugs like the salicylates 

*overload of fluids in patients with pulmonary oedema 

*uremic symptoms and its complications > uremic encephalopathy, pericarditis, 
cutanitis (pruritis) and gastritis 


Slide 29 - Avoiding Missed Injury 

*Tertiary survey: complete review of the patient in ICU or wards where we 
assess with an unbiased colleague ideally in the form of a consultant round 
*Looking for problem areas and missed things 

*replacement of dirty lines and catheters that were placed in the Emergency 
department or the back of an ambulance with clean drips 

*every 72 hours, all peripheral drips should be replaced 

*if you are keeping a urine catheter for >24 hours, it should be replaced with a 
Silastic type as this is associated with a reduction of UTIs (one of the common 
acquired intrahospital infections) 

*Review all imaging and results yourself in conjunction with their clinical 
picture. Order appropriate imaging and investigations that will assist in 
identification of issues 


Slide 30 - Other ICU Modern Activities That improve outcome 

*Early Mobility: just because a patient had a laparotomy or have a chest drain 
does not mean they should be lying in bed. Get them out of bed as this improved 
feet tolerance/DVT, improves state of mind 

*ensure that nurses respect patient’s need for sleep: ensure day-night cycle to 


avoid delirium (a common in hospital complication, particularly in those who are 
older) - witch off lights, draw curtains 

*personal hygiene - wash hands, wear mask, use chlorhexidine-ethanol (alcohol) 
on your hands, use visor during procedures 


Slide 31 - The Potential Septic Patient 
*SIRS - 

*Sepsis - SIRS plus source 

*Severe Sepsis - organ dysfunction 
*Septic Shock - needs inotropes 


*New Classification deletes SIRS? 


Slide 32 - Fever in ICU 

*Temp > 38.3’C 

*Normal range is between 36.5 and 38.3 

*Fever is not necessarily = sepsis. It may simply mean there is inflammation or 
even atelectasis postoperatively 


Slide 33 - Sepsis 3: New Criteria (not universally accepted) 


*Blood gas is done and lactate shows > 2 


*Suspected/Documented Infections as the underlying cause of the new signs 
and symptoms: this is important because the px with shock could be as a result 
of hypovolemia, or px with altered mental state could be from a head injury, and 
px with a tachypnoea could just have a pneumonia 

*Once these three above mention factors are in the context of a suspected or 
documented infection, then it is known as a qSOFA that is positive 

*a rise in the SOFA score (which is a more detailed scoring system) by 2 or 
more OR, presence of 2 or 3 on qSOFA plus a source of infection = SEPSIS 
*Problem with this new definition has been that people are so focused on 
identifying sepsis, that other causes of hypotension, altered mental state, or 
tachypnoea (such as an acute MI), have been missed 

*this does not change your clinical judgement - treat the patient! Not just the 
criteria. You must first suspect an infection 


Slide 34 - Treating Sepsis - Guidelines 

*Suspect and identify the patient. Commence resuscitation of the patient with 
up to 30ml/kg of ringer’s lactate as an initial bolus. Early administration of 
adrenaline infusion is also recommended 

*Screen for the micro-organism 

*Treat empirically if unstable (those in septic shock) 

*Start a broad-spectrum antimicrobial and wait (if not compromised) to get 
guidance 

*Choose drug appropriately once direction is obtained (narrowed spectrum 
antimicrobials) 

*De-escalation is a myth: as much as it is tied to the patient who is unstable, one 
must resuscitate them to the point where the antimicrobial will get to the 
source of infection 

*Time from admission = good guide, in that, if the patient has come in with the 
sepsis, and it is less than 48 hours from the time of hospital admission, it is 
most likely community acquired. But if the sepsis started after 48 hours and 
after hospital admission, it is more likely hospital acquired 


Slide 35 - Source Control 

*Surgical sepsis = source control which is treated by surgery is part of the 
management 

*It is pointless to give antimicrobials if there is still pus in the tissue so: 
*Debridement of devitalized tissue 


*Drainage of abscesses 

*Laparotomy, Re-laparotomy & washout - and possibly even an open Abdomen 
with a percutaneous closure 

*Percutaneous image guided drainage of e.g., liver abscesses (collections in the 
retroperitoneum) 

*VAC dressing may be used after debridement to close the abdomen in order to 
retain an abdominal domain 

*Modern wound medications: like those that contain various types of silver 
which are useful in the treatment of topical sepsis 


Slide 36 - Antimicrobials 

*it is better to have a good empiric choice, than to rely on the ‘de-escalation’ 
concept 

*there is very little evidence for the latter - studies which it is based are old and 
of poor quality 

*the concern is the risk of inducing resistance to the antibiotics if you use too 
much of a broad-spectrum antimicrobial because you have collateral damage. 
You kill the normal flora as well as the microbe causing the sepsis 
*Stewardship & surveillance: stewardship is you using antimicrobials in a more 
appropriate, focused, and conservative manner. Surveillance is what guides you 
on which antimicrobials to use 

*for each unit/ward, the surveillance may show different patterns of microbial 
resistance and susceptibility so know your local pathogens and treat them 
accordingly 


Slide 37 - Management: Antibiotics 

*Is it prophylaxis or treatment? If it is prophylaxis, you are giving no more than 
24 hours of therapy, but if it is treatment, you may give as much as 5days or 
longer (in special situations like TB, or valvular heart disease) 

*Is it SIRS or Sepsis/Infection? 

*Community or Hospital acquired? 

*Where is the source - does it need surgery? 

*What is the likely bug? (Susceptibility and surveillance in my hospital) 

*Don’t treat virus or non-bacterial with antibiotics - use appropriate medication 
*What drug? (Time dependant antimicrobial, concentration dependant 
antimicrobial, combination > fluoroquinolones) What dose? (For time 
dependant antimicrobials, the higher the dose, the better the tissue 
penetration) 

*What route?(want IV for sick pxs, but in some cases, the antimicrobial like 
amikacin, gentamycin and vancomycin, do not get there effectively via IV to the 
lungs for e.g., therefore nebulise these drugs for more effective delivery and 
avoidance of systemic S/Es 

*What duration? Depends on optimal therapy and optimal monitoring. Blood 
tests like procalcitonin are rapidly responsive to appropriate antimicrobials - so 
if px is on monitoring with procalcitonin and it drops <2 within 72 hours, you 
can stop the antimicrobials early. But no more than 5 to 7 days is needed for the 
average therapy duration 

*Combination??? - very seldom need this these days. Combinations like 
Augmentin with gentamycin or amikacin are still used too often. Augmentin 
covers the gram -‘s very effectively and even has anaerobic cover so adding 
metronidazole is not routinely required. (Pseudomonas and Acinetobacter may 


need combination therapy) 

*Will the drug get to the tissue? Is the tissue adequately resuscitated to perfuse 
those tissues? Is it necessary to use an alternative delivery method like 
nebulization 

*Any host contra-indications/cautions? Like using a penicillin in someone who is 
allergic, or an aminoglycoside or vancomycin in someone with impaired renal 
fnx or diabetes 


Slide 1-Cover slide (Myonephropathic syndrome - MS) 

*look at the concept of MS, AKI (acute kidney injury) and the concepts around 
renal replacement therapy as part of the critical care concepts regarding 
trauma 


Slide 1-AKI 

*as far back as 2002 there was no real classification of what we now call Acute 
Kidney Injury 

*many different classifications of what was acute renal failure were banded 
about and nobody had any standardisation - this made comparison and collation 
of results very difficult 

*in 2002 then, the Rifle Classification risk, injury, failure, loss and end stage 
kidney disease was promoted 

*this looked at either change in GFR (Glomerular filtration rate) or change in 
urine output 

*and then depending on the severity of the change the kidney dysfunction was 
classified as AKI risk, injury or failure 

*and then if the patient was in failure and had no recovery after 4 weeks they 
would consider it as loss 

*and if there was still no recovery after 3 months it was considered end stage 
kidney disease 

*however, it was found that this group of AKI’s - very seldom fell into the loss or 
end stage kidney disease classification 


Slide 3-RIFLE:AKIN 
*and therefore the RIFLE was updated by the Acute Kidney Injury Network 


(AKIN) to the AKIN classification where the loss and end stage kidney disease 
were dropped and the risk injury and failure were re-classified as stages 1, 2 
and 3 

*again the values were pretty much unchanged 

*an increase of 1.5 times or a 50% increase in the creatinine or an absolute 
change of 26micromols/L made you stage 1 

*alternatively a urine output of <0.5ml/kg/hr for 6 hours 

*again see the similarity here for the urine output for shock 

*stage 2 was a doubling of the creatinine or a drop in the urine output (UO) of 
<0.5m//kg/hr for more than 12 hours 

*and finally stage 3 was a tripling of the creatinine value or an absolute 
creatinine value >4mg/dL OR 356micromols/Lor an acute rise of around 
50mg/micromoles/L which is equivalent to 0.5g/dL 

*and this occurs within a 48 - 72 hour period after an acute insult 

*the urine output value was <0.3ml/kg/hr for 24 hours for stage 3 or the 
absolute anuria for 12 hours 

*additionally, for those who required renal replacement therapy also known as 
dialysis, there were automatically considered to be stage 3 


Slide 4-Definition 

*One of the causes of AKI which we see commonly in the trauma and medical 
emergency population is CRUSH SYNDROME or more correctly known as 
MYONEPHROPATHIC SYNDROME or a PGIMENT NEPHROPATHY 

*usually results from major muscle damage but can also result from severe 
haemolysis in medical emergency (MedE) patients 


Slide 5-Myonephropathy problem 

*it’s a problem because it is syndrome, it is not causes by 1 pathology 

*once the patient has it, if we do not prevent it worsening, their kidney function 
goes then their whole system is damaged 

*we can prevent it from worsening by doing volume resuscitation and trying to 
preserve kidney flow 

*avoid nephrotoxins, recruit new nephrons and consider early dialysis if the 
patient is not passing adequate volumes of urine 


Slide 6-Pathophysiology: Two types physiologically 

*there is an aerobic crush syndrome usually seen with sjambok assaults, with 
blunt object assaults and in patients who have multiple fractures with 
associated tissue injury 

*they DO NOT have the classic re-perfusion episode and there may not be a 
compartment syndrome present 

*these patients appear to primarily suffer from renal injury and other than that 
their lungs and heart are protected unless they give fluid overload 


Slide 7-Pathophysiology: Two types 

*the other type anaerobic crush: classically described as “bywaters-beale” 
disease 

*Bywater and Beale where 2 positions UK during the BLITZ in London - they 
were seeing people rescued from under collapsed buildings from the bombing 
that the German’s were doing on London - and found that they look externally 
well but were rapidly dying in 2/3 days from hyperkalaemia and renal failure 
*what had happened with these patients is that they’d had structural collapse 


with a prolonged entrapment and compression of the structural elements on 
their limbs and when they were released they had a re-perfusion and this lead 
not only to cardiac and renal pathologies but also the S/E on the lungs from the 
inflammatory response 

*and keep in mind there was no ventilators or dialysis machines during WW2 
*these patients may certainly present with a compartment syndrome 

*they usually have an ischaemia re-perfusion 

*and unlike the aerobic type crush they have further systemic manifestations in 
addition to just the kidneys 


Slide 8-pathophyiology - what is happening at cellular level? 

*there is muscle cell ischaemia & when cells are ischaemic they lose membrane 
integrity 

*this leads to water influx followed by sodium 

*and the sodium, potassium junctions are not functioning effectively, this leads 
to cellular swelling 

*muscles are mostly found in compartments covered by a rigid fascia 

*this leads to swelling within a rigid compartment 

*which leads to a 2™ period of ischaemia on the basis of capillary compression 
*the consequence is a COMPARTMENT SYNDROME with myonecrosis 

*if this does not get released within 2 to 3 hours or if the pressure is not 
reduced 

*the tissue dies and the limb is lost 

*re-perfusion occurs when the pressure is released or when the fasciotomy is 
done 

*this leads to myoglobin being flushed into the circulation along with other toxic 
metabolites incl. high doses of potassium which has been lost from the 
intracellular space 


Slide 9-pathophysiology 2 

*this also leads to a relative hypoCa because the Ca/Calcium moves to the intra- 
cellular space 

*the problem with hypoCa is that the hyperkalaemia is cardio-toxic and cannot 
be excreted because the myoglobin sits in the kidneys causing an obstructive 
nephropathy and toxic glomerulopathy 

*additionally, there is a number of super-oxide radicals that are formed and 
these affect the inflammatory process throughout the body 

*so we end up with a dilemma 

*we have an obstructive nephropathy which progresses to an acute tubular 
necrosis (ATN) 

*At the same time when you want a functional kidney you get rid of the excess 
potassium 

*now your patient is facing a serious crisis 


Slide 10-myoglobinuria 

*they present classically with DARK URINE which may be rose coloured, but 
certainly progresses rapidly to dark Coca-Cola coloured myoglobinuria 

*this is an indication that the kidney is obstructed and that the tubules are 
sloughing 


Slide 11-Causes - there are numerous causes 
*most commonly in SA we see this sjambok or other community assaults - 


where the community has taken their own initiative to punish a supposed 
criminal 

*it is also noted after alcoholic rhabdomyolysis, exhaustion rhabdomyolysis 
(seen in KZN after the comrades marathon or even after the Amashovo bicycle 
race) 

*it is seen after burns particularly electrical burns and lightening injury 

*and occasionally after snakebite and certain drug reactions (particularly, puff 
adder bites which are quite severe) 

*as you can see numerous causes all leading to the same eventual 
pathophysiology of muscle breakdown, myoglobin free in the circulation which 
is filtered out causing renal dysfunction/AKI 


Slide 12-image of arm, severely injured - example of severe soft tissue injury 


Slide 13-Clinical features: detect early 

*tramlines on the skin 

*prolonged limb compression 

*presence of compartment syndrome (vascular trauma lectures) 
*presence of oliguria or coke-coloured urine 

*and a mechanism suggestive of this pathology 


Slide 14-image of arm (tyre marks on arm) 
*gentlemen who was working under his vehicle when the vehicle collapsed, and 
the wheel of the vehicle trapped his arm and chest 


Slide 15-image of man in hospital bed 
*typical case of what we used to of patient has been whipped by the community 


Slide 16-image of man’s chest and abdomen (with tattoo) 
*tramline markings on skin 


Slide 17-Image of legs with reddened knees 
*tramline markings on legs 


Slide 18-image of back of patient 
*tramline markings on back 


*all of these leads to the release of soft tissue material and an obstructive 
nephropathy (referring to above slides) 


Slide 19-Laboratory diagnosis 

*here is the bad news there is NO ONE DIAGNOSTIC LABORATORY TEST 

*the U&E can guide us if itis raised potassium, raised urea and raised 
creatinine 

*the venous bicarbonate has been shown way back in 1991 already by David 
Muckartt and his co-workers to be a marker of a poor prognosis - it suggests 
that if the venous bicarb is <17 there is significant metabolic acidosis that has 
occurred and the bicarb has tried to compensate 

*this study was replicated by Skinner and company very recently in a cohort 
from Pietermaritzburg showing exactly the same results 

*on Blood gas one wants to avoid acidosis and hypoxia because these are always 
bad for the injured patient 

*and the creatinine Kinase/Creatinine Phospho-Kinase (CPK), depending on 
what lab name is used to the test is an indicator of the severity of muscle injury 


*a single value measured approximately 6 hours or more post injury, if it is 
>8000 is suggestive of significant soft tissue injury 

*the urine dipsticks and microscopy can be helpful, it is useful if the blood 
marker is positive but on using a centrifuge no cells are seen on microscopy - 
this suggests that it is myoglobin rather than haemoglobin that is being 
detected 


Slide 20-Useful messages 

*some of the work that we did when I still lived in Cape Town suggested that if 
patients have a higher than 8000 CPK or a >18% body Surface Area (BSA) 
bruising their risk for requiring renal replacement therapy was significantly 
higher 


Slide 21-Linear correlation 

*there is a linear correlation between Body Surface Area and renal failure 

*and there was a significant correlation between the CK/CPK to ARF (acute 
renal failure) as well 

*fortunately for our patients 83% of them fell into the risk or stage 1 category 
and recovered by simple early saline resuscitation 

*the mortality in this group of patients is usually very low 

*in the penetrating group it is usually as a result of massive tissue destruction 
and their limbs, with penetrating trauma to the vascular structures 

*in the blunt injured group most of them will die not as a result of their AKI but 
as a result of associated injury such as to the head or when they develop multi- 
organ dysfunction syndrome should they progress to sepsis 

*importantly, many of the textbooks even the more modern ones refer to bicarb 
and mannitol as adjunctive therapies 

*in our patient population in Cape Town this had no effect on reducing the need 
for renal replacement therapy 


Slide 22-Skinner DL 

*We did some work on this pathology, when I moved here and David Skinner did 
his masters on this and is currently working on his PhD 

*and we showed that in our Durban population the sjambok crushes definitely 
have a better prognosis and recover quicker (within 3-4 weeks) 

*there was again no need for mannitol or bicarb 

*and whilst this was done in 2014 the AKIN classification have not yet been 
developed 

*and we use the RIFLE classification and found a practical useful 


Slide 23-Treatment: prophylaxis - 1 of 2 possibilities 

*if you suspect this in a patient presenting to you at this stage have normal 
U&E’s, normal venous bicarb - PROPHYLAXIS is important > you want to 
prevent them from getting the sedimentation in their kidney 

*normal saline or ringer’s lactate even though it has a little bit of potassium - at 
500ml/hr to obtain a urine output in excess of 1ml/kg/hr is the prophylaxis of 
choice 

*there is some theoretical benefit to adding Sodium Bicarbonate until the urine 
pH is > 6.5 of the ph of the systemic blood is above 7.5 because this enables 
myoglobin to solubilise and be excreted the urine 

*mannitol however is nephrotoxic and should not be used in the management of 
these patients anymore 


Slide 24-Treatment: Established Syndrome 

*once the patient has already gotten established AKI and they at stage 3 or 
worse degree 

*then it is important to correct their electrolyte abnormalities 

*try to keep them polyuric but DO NOT fluid overload them because then they 
require dialysis as an emergency 

*ensure that there is equal intake and output if they are oligo-anuric 

*control hyperkalaemia because that is the killer, not the kidneys and if you can 
refer them for early dialysis and certainly if they are tripling their creatinine 
and not passing any urine they should be dialysed as a matter of urgency. 
Rather consult early than consult too late 


Slide 25-Dialysis outcome - dialysis makes the difference 

*there is no real benefit of only 1 mode of dialysis over the other 

*But for patients who are unstable - CVVHD (continuous veno-venous 
haemodialysis) may have some advantages because it requires LOWER flow 
rates and SMALLER volume shifts 

*however, it also requires coagulation issues in that you have to have coagulate 
the entire patient - which if you have other injuries that may bleed is a 
challenge 

*so we generally use SLEDD (slow low efficiency daily dialysis) or low dose 
intermittent dialysis (LDID)- the difference here is the duration 

*SLEDD occurs over 6 - 8 hours whereas LDID requires no more than 4 hours 
but does require higher flow rates and is likely to cause more haemodynamic 
insult 

*dialysis is given as dialysis cycles 

*the aim is in the acute phase to HALF the urea and creatinine values in every 
dialysis session 

*and take off a certain amount of fluid w/o making the patient hypovolemic 
because we do not want to make the intravascular space under-perfused 

*one can use peritoneal dialysis but it is slower 

*so if working in a smaller hospital where you can do peritoneal dialysis you 
may do this whilst waiting for transfer of your patient 

*importantly, when patients recover they become polyuric and then you do not 
want to have a second hit, you need to keep up by giving half replacement of 
their losses on an hourly basis 

*the average time to recovery of function is about 3 weeks, usually this requires 
5 - 6 cycles of dialysis in those that need dialysis 

*and most of the patients will be temporarily hypertensive 

*this works on the basis of activation of the RAAS and therefore unlike patients 
with renal artery stenosis, an ace inhibitor is the drug of choice for this HPT, 
with a Calcium Channel Blocker as your 2™ line agent 


Slide 1 - Nutrition in the sick patient and keeping the balance because the 
balance is keeping their body strong and avoiding complications 


Slide 2 - Why is nutrition important? 

*Patients who are ill or injured bread down their existing tissues to provide 
nutritional building blocks namely: proteins, vitamins, essential fatty acids and 
glucose 

*the nutrition we provide aims to counteract this by meeting metabolic demands 
otherwise we risk poor tissue healing, risk of infection and catabolism 

*patients in hospital for a long time look as if they on a starvation diet, however 
some already come in looking malnourished - think of malignancy, HIV/aids an 
chronic inflammatory disorders such as RA, Crohn’s, Ulcerative colitis 


Slide 3 -What are the needs? 

*the average adult will require 1.5 - 2g/kg per day of protein - example a 200g 
steak a day and should provide approximately a total of 15% of energy 
expenditure for the day 

*carbohydrates, fats and other non-protein energy will make up majority of the 
rest with fats in a ratio of approx. 60:40 with protein 

*whilst carbohydrates were expected to take as much as 40% of the total energy 
provision - newer research seems to suggest that more protein and more fats 
are actually better 

*the total non-protein energy requiring per day between 25-35 kilocal/kg/day 
*additionally sick patients have quite a high turnover of electrolytes and trace 
elements, in particular for wound healing, zinc and selenium are fairly 
essential 

*as discusses in fluid and electrolyte session fluids must be replaced for visible 
and invisible losses 


Slide 4 - determining requirements 

*how do we determine what the patient needs 

*previously and traditionally a lot of fancy equations were used by the dietician 
looking at basal metabolic rate, how stressed the body was, whether the patient 
was in bed or up and about 

*however, none of these formulas are particular better than using an equation 
that estimates 25-30 kilocal/kg/d as a baseline value 

*doesn’t necessarily mean will start them on that full feed right from day 1 

*if have recent L.O.W or unable to perform activities of daily living and have 
signs suggestive of chronic underfeeding, NB to do slower refeeding with 
slightly higher calorie content to prevent refeeding syndrome 

*NB to examine patient - clinical, basic anthropometry - indication of where 
patient is nutritionally 


Slide 5 - clinical examination 

*clinical examination can reveal: LOW, skin thinning, hair loss - particularly 
over the tibias, evidence of vitamin deficiencies such as: 

-angular stomatitis from vitamin A deficiency 

-easy bruise ability from vitamin C deficiency 

-proximal m. weakness for those with thyroid disease or significant loss of 
muscle mass 


Slide 6 - anthropometry 

*BMI - measurement of kg/(m)2 

*BMI of <18 and BMI of >35 have increased risks or adverse effects of 
anaesthesia and surgery 

*reliability of BMI alone has been in question as far back as 2006 

*better options include: Mid-Arm muscle circumference, triceps skin fold 
thickness, and if patient able to cooperative strength of grip of hand using a 
dynamometry (looking at effectiveness of small muscles) 

*if someone loses weight often loses the muscle mass around the interosseous 
muscles fairly early 


Slide 7 - How to feed: nutritional support 

*occurs in 1 of 2 ways 

*enterally - normal mouth and other orifices w. tubes 

*or parenterally using venous access either central or peripheral 


Slide 8 - Immunonutrition 

*all about oxygenation, perfusion and inflammation 

*even the foods we feed have an immunological effect on the patient 

*certain essential nutrients add value because they either fight infection or 
damp down the inflammatory reaction 

*not really associated w. survival benefits 

*glutamine given enterically is protective for the enterocytes and reduces the 
inflammatory response in trauma patients 

*arginine given IV has been shown in burns and trauma to greatly assist in 
wound healing 

*omega 3 and omega 6 in 1:2 ratio (advert on TV - canola oil) - using fish oils 
effectively reduces ICU LOS (length of stay) 

*micronutrients and multivitamins should also be supplemented because these 
also get utilised during repair of injured body tissues (zinc, selenium and 
multivitamins should be supplemented esp. in burn patients) 


Slide 9 - If the gut works - use it! 

*Enteral feed is less expensive than IV feed 

*It prevents mucosal atrophy and thereby prevents nosocomial pneumonias 
(because no bacterial overgrowth) 

*less incidence of stress ulcers (once resuscitated, feeding them into their 
stomach is associated with a reduction in the S/E of stress) 


Slide 10 - enteral feeding methods 

*can feed orally for those who are conscious and able to chew, in which case if 
they have teeth give them a ward diet, if don’t have their own teeth give them a 
soft diet 

*if struggling to tolerate solid foods give a liquid or semi-solid diet 

*for those who cannot tolerate oral feed place a nasogastric or orogastric tube 
and feed them early 

*ideally this should be a fine bore feeding tube than a traditional nasogastric 
tube (but both effective) 

*for select patients there may be an indication for post-pyloric feeds such as 
patients who have has pancreatitis, pancreatic injury or duodenal injury, or 
massive injury to stomach - for them a naso-enteric tube or surgical 
jejunostomy may be the only alternatives left 


*PEG/PEJ (percutaneous endoscopic gastrostomy/jejunostomy) are useful for 
long term feeding in patients who cannot swallow such as those w. neurological 
injuries (feed through abdominal wall and remove nasogastric tube (which 
cannot be used long term) 


Slide 11 - principals of enteric feeds 

*start feeding within 48 hours unless clear C/I 

*BECAUSE favours villous trophicity, promotes gut motility and avoids 
complications of parenteral nutrition 

*BUT, resuscitate the unstable patient - DO NOT feed them early, once 
resuscitated then feed asap 

*ideally one should use premixed formula - they come sterile packaged 

*and each should contain atleast 1kiloCal/ml of fluid of energy 

*more concentrated feeds are useful in patients who need less liquid content in 
the diet but need high amounts of calories or proteins 


Slide 12 - modern approaches 

*if patients have a definitive airways do not routinely stop feeds because every 
feed stoppage is associated with under feeding 

*feeding should continue in a non-abdominal surgery if an ETT/Tracheostomy is 
in place 

*patients need to be starved for anaesthesia if not intubated 

*post-pyloric feeding is only of benefit if they do not tolerate intra-gastric 
feeding for the 7 to 10 days 

*there is one special formulae available which has been SHOWN to be beneficial 
to ARDS - BUT most of these feeds are supplemental and supportive rather than 
therapeutic 


Slide 13 - Pitfalls in enteral feeding 

*tube problems (obstruction/ displacement) 

*problems with the feed (in terms of concentration - if they have diarrhoea one 
can add fibre to control the diarrhoea), OR feeds can get colonised with bacteria 
and lead to sepsis 

*if you feed the unstable patient can lead to bowel necrosis or aspiration 

*less common but does happen if feeding takes place too quickly is overfeeding 
and poor glycaemic control 

*more of a concern but less problematic is hypercaloric or underfeeding as a 
build up to total feeds 


Slide 14 - Enteral feeding protocol 


Slide 15 - Graph- targeted nutrition delivery in critical illness 
*however in recent past started using LESS caloric feeds early on for a short 
period of 4 to 5 days and then build up to a higher protein content by 
approximately the 2"* week in hospital 

*aim is achieve 30-35 kiloCal of feed per kg, w. a total protein of 1.5-2g per kg 
per day 


Slide 16 - Criteria for non-tolerance 

*nausea/ vomiting - not during suctioning/ stimulation 

*diarrhoea that persists after addition of fibre, and after exclusion of faecal 
impaction with overflow diarrhoea or C. difficile infection 

*abdominal distention and cramps may be a marker that should be in the 
presence of other signs and symptoms 

*some people still measure gastric reflux - so every 4 hours they will aspirate 
the gastric residual and see how much is left in the stomach, if >400ml, stop the 
feeds and try again - associated w. many interruptions and no longer 
recommended as routine practice 


Slide 17 - Types of feed 

*there are various types of enteric feed 

*standard full feed available in most state hospitals is FRESUBIN 

*the concentrated feed FRESUBIN COMPLETE 1200 (has 1.2kiloCal/ml of feed) 
*semi-elemental feed such as SERVIMED for patients who are on vasoactive 
drugs 

*elemental feed such as VITAL for those who cannot even tolerate a servimed 
*LOW RESIDUE FEEDS - pts who have a reason to avoid residue/stool (for e.g. 
colo-cutenousfistula) 

*MEDIUM CHAIN TRIGLYCERIDE FEEDS - which contain fats that are 
absorbed without going through the thoracic duct - can help in closing a 
thoracic duct leak 

*FIBRE can be added 

*TRICKLE FEEDS such as INTESTAMEN which are dipeptide feeds are useful 
in critically ill to get them started 


*for those in ICU there are now 2 feeds which are useful - FRESUBIN 
INTENSIVE 1500 (1.5 kiloCal/ml of feed), SUPORTAN - same concentration but 
both have higher protein availability 


Slide 18 - parenteral feeding 

*centrally through central line OR peripherally through a normal drip site (as 
long as it is a large bore vessel and flowing freely) 

*alternatively one can use a peripherally inserted central catheter/ PICC-line 
*parenteral feeding can be offered as PARTIAL or TOTAL 

*AND can be combined w. enteral feeding either as an initiative and then 
crossing over of as a supplemental feed to a patient who is not yet tolerating a 
full enteral feed 

*PRIMARY INDICATIONS: non-tolerance of enteral feeds feed at 50% of goal by 
day 5 - whether it be because of prolonged ileus, lack of gut continuity, inability 
to tolerate EN feed or the presence of high output entero-cutaneous fistula 


Slide 19 - Routes of parenteral feeding 

*central routes use a CVP catheter which has a multi-lumen option 

*dedicated feeding lumen and placed with strict asepsis as one would with any 
other catheter 

*the feed bag is changed every 24 hours to avoid S/E of feed 

*Peripheral placed lines either a PICC line/ peripheral drip are more 
problematic - challenge in terms of vein damage when received high dose 
glucose via a peripheral line 


Slide 20 - Principles of PN 

*Principles of PN are to use a mixture of balanced nutrients 

*usually dextrose @ 25% conc., lipids @ 3%, AA @ 5%-7% 

* like EN - do not give PN to an unstable patient 

*no real benefit until 5 days post admission 

*may have a pre-op role however risk is infection rates 

*PN do have added micronutrients, vitamins and trace elements BUT they are 
designed for standard feeds - problem = for many critically patients this is not 
enough, for this reason in ICU we always add micronutrients and trace 
elements and vitamin supplementation as an additional IV support 
*administer the full feed @ 50% of goal for 1* 24 hours and then go up to the 
goal rate after 24 hours 


Slide 21 - Complications of PN 

*complications related to the lines: sepsis, pneumothorax, and extravasation 
*complications from the products: overfeeding, fat emboli - far more common as 
a problem than with EN, nutrient and trace element deficiencies - as w. EN are 
a risk 

*modern PN does not have higher sepsis rates than EN as was thought in the 
past 


Slide 22- Pitfalls in PN 

*CATHETER and NUTRIENT pitfalls and poor glycaemic control and the need 
for insulin infusions are far more common w. PN than w. EN - however easily 
controlled via administration of insulin drip 


Slide 23 - Feeding for specific surgical pathologies 
*some evidence for certain surgical pathologies in terms of feeding support 


*most of the time is support and not therapy 
*based on poor evidence from small trials 


Slide 24 - Pancreatitis 

*no benefit of PN over EN 

*no benefit of pre- vs post pyloric feeding 

*feed early once pain is controlled to tolerance and as soon as pain reduces 
increase to GOAL 

*of benefit is addition of prokinetic such as metoclopramide to improve gastric 
emptying 


Slide 25 - Trauma and critical illness 

*early EN after stabilisation is better than no feeding 

*attempt to achieve feeding around 48 - 72 hours 

*gastric feeding has been shown to be better than post-pyloric feeding as it has 
been shown to reduce stress ulcers 

*adding a prokinetic agent is always recommended 

*arginine and enteral glutamine - have been shown to improve outcomes 


Slide 26 - burns 

*require HIGH PROTEIN feeds 

*post resus and ideally within 18 hours of admission - enteral support should 
start 

*ideally cover with a mucosa protective anti-stress ulcer prophylaxis 

*EARLY HIGH PROTEIN supplementation otherwise known as 
hyperalimentation - of benefit 

*must add vitamin supplementation as turnover is dramatic 


Slide 27 - complication of surgery and nutrition 

*in surgery in abdomen you often have to do anastomoses - which may 
sometimes leak 

*additionally may be diseases which lead to tissue damage and leak such as 
ulcerative colitis and Crohn’s 

*in these fistulas that occur nutrients are lost, depending on what the level is 
-gastric - may end up w. metabolic alkalosis 

-small and large bowel - end up w. a metabolic acidosis and hypokalaemia 
-numerous other aspects of nutrients that are lost as a result of which the 
tissues don’t heal 

*for entero-cutaneous = LHS image 

*entero-atmospheric image = RHS image 

*one has to consider early enteral feeding for these patients 


Slide 28 - entero-external fistulae 

*depends however what the output of these fistulas is - to decide on whether it 
EN or PN 

*high output >500m1 of fluid per day - req. enterocleisis (collect from the one 
hole and put back through another hole), can feed them that way OR 
alternatively PN is required 

*low output & particularly distal fistulas such as colo-cutaneous-fistulas = 
feeding w. low residue oral diet may be all that is required 

*this requires patience, EN or PN nutrition usually will allow the fistula to 
stabilise and heal up to a certain extent within 6-8 and sometimes as much as 


12 weeks 
*only once the patient is nutritionally replete does one take the patient back to 
the operating room and attempt to close the fistulas 


principles of fistula mx is simple (5 fingers on a hand) 

1-resuscitation 

2-exlcude sepsis by looking for intra-abdominal abscesses or other septic 
collections associated with the fistula 

3-image (where it is, what it looks like and how big is it) and contain the fistula 
(containing the effluent and reinfusing the effluent back into the patient) 

4- feed the patient - depends where the fistula is, how much effluent is, whether 
or not contained 

5- closing the fistula (may be possible with non-surgical means such as with 
feed alone as with distal fistula, or may re 5-6 weeks of PN, followed by re- 
operation) 


3000 Children die an unnatural death each year: that is more than people who 
dies in the twin towers, killed in My Lai yet there is no movement to stop killing 
of these children, no war on road carnage is called 


Injury Prevention: begins by acknowledging that there is no such thing as a 
freak accident. Accidents occur because someone somewhere at some stage 
made a mistake 


Who made the mistake? Stages in accident science: 


- Accident occurs because machinery fails 

- Epidemiological view of accidents: interplay between agent, victim, and 
environment 

- Accidents occur because someone violated a rule 

- Accidents occur because of a break in layers of safety 


Epidemiology of accidents: William Haddon’s Matrix 


Pre-event 
Event 


Post-event 


- Necessary versus contributary causes: Necessary causes are causes that 
are necessary for the accident to happen and contributary causes 
add/make it more likely to happen e.g., you need a car to cause an 
accident, but rain contributes to it 

- Sufficient cause: e.g., in an explosion you need a bomb, if you have no 
bomb, there’s no explosion 


William Haddon’s matrix for MVA (Motor Vehicle Accident) 


C agent [Victim [Environment 


Pre-event Aggressiv Age: Physical 
e driving, elderly, environment 
alcohol, small (speed bumps, 
tiredness children speed limits), 
weather 


Event Safety Protective Physical 
features gear (e.g., environment like 
car like helmets, wet roads 


bumpers car seats 
that are 
off 


Post- Availability 

event ambulance, 
distance to 
hospital 


Human Error 


- The issue with the above matrix is that it tells you what’s wrong but 
doesn’t tell you how to fix it 

- Name it, blame it, and train it approach: e.g., it becomes the child’s fault 
then you train it by telling children not to run on the road 

- However: can children always be blamed/are they old enough to 
understand and apply what you teach them 

- Active vs. latent failures: active is the child running on the road and 
latent failure is failure of structures of road to allow drivers to see child 
running 

- People will make mistakes all the time 


People will make mistakes 


Classes of human error 
e Errors (right rule, wrong execution) 


e Slips when you know how to do something, but you do it 
incorrectly from distraction for instance, e.g., slipping on stairs and 
lapses where you know something but cannot remember it 


e Mistakes (wrong rule) 
e Rule-based mistakes (wrong rule applied) 
e Knowledge-based mistakes (no pre-existing rule) 


e Violations (right rule, decides not to execute) 


Interventions 


e Errors: environmental control and enforcement (of a resting period for 
tired patients, or no drinking in alcoholics) 

e Mistakes: education for rule-based mistakes and encouragement 

e Violations: enforcement 


Prevention Interventions: the 4 E’s 


e Education: teaching people because they have to change their behaviour 


Encouragement: encourage through posters for instance for behaviour 
change 

Enforcement: laws and rules 

Environment: make surroundings safer and more suitable > *concept of 
risk homeostasis where we all accept a certain risk e.g., when they 
introduced helmets in New Zealand, the number of head injuries 
decreased but looking closer, they found that the number of cyclists 
decreased because people saw it as a dangerous sport 


Why are we not successful in our Prevention efforts? 


An emphasis on education only is not effective: education on its own 
changes children’s knowledge of safety issues but does not change their 
behaviour. Education is however invaluable as an adjunct to other 
strategies of injury prevention 

Emphasis of passive methods: for example, there was a rise in children 
admitted for poisoning after introduction of child safe medication 
containers 

Example of the cyclists 


Health belief model 

Stages of change model: precontemplation, contemplation, preparation, 
action, maintenance 

Social cognitive model 

Teachable moment: looks at moment’s patients are most susceptible to 
absorbing information to change their behaviour 


When dealing with children, remember, children are not adults: 


They have difficulty judging speed and distance 

Think that wide streets are more dangerous than narrow streets 
Can concentrate on one thing only 

Have little sense of danger, they intertwine fantasy and reality 
Can’t perceive complicated traffic situations 

Overestimate their knowledge and physical strength 

Have different understanding of responsibility in traffic situations 
Can’t apply skills in new situations 


Safety culture 


Swiss cheese model > concept of layers of safety” 


Mistakes will be made but we must prevent them from turning into 
disaster 

No single layer is fool proof 

But ‘holes’ in multiple layers cancel each other out 


Problem: ‘slippery slope’ 


Incident analysis tools 


Fault finding (M&M meetings, audits) 


Haddon’s matrix 
Root cause analysis (find the latent cause): 5 why approach > ask why? 
Five times 


Pool Drowning Example 


Usually happens in kids between 2 and 5 


Violations: SA law says fence off pools 


Prevention Guidelines (AAP 2019) 


Parents must be aware of drowning risks around the home: infant bath 
seats, buckets, pails, toilets etc. 

Infants, toddlers should have touch supervision when around or in water 
- well within reach 

Older children should be constantly observed while in the water (even if 
the lifeguard is present) 

The ‘water watcher’ should not be distracted by texting, socializing, or 
tending to chores 

Pool should be fenced in on 4 sides with self-closing, self-latching gate 
Pool alarms and weight bearing oil covers may be considered 

Parents, caregivers, older siblings, pool owners should learn CPR and 
have rescue equipment (life buoys, life jackets, reach tool) 

Children should learn to swim including water safety skills - but make 
sure the child is ready! Swimming lessons do not make a child drown 
proof 

Parents should keep monitoring their child until basic water competency 
is achieved: include ability to enter water, surface, turn around, propel 
oneself for at least 25 yards, float on or tread water and exit the water 


e All children and adolescents should wear approved life jackets when in or 
on watercraft. Parents must model safe behaviour 
e Jumping and diving into the water can cause serious spinal injuries and 


parents should inspect the water before permitting children to jump or 
dive 


- TUTORIAL (PROF. 
ROBERT DUNN) 


Slide 1 - Objectives 

*Assess patient with a Spinal Cord injury, approach to neurological 
classification, approach to assessing and classifying fractures, idea of 
management 


Slide 2 - Anatomy of Neck (Skeleton) 

*2 images of neck - lateral and from posterior 

*C1, C2, lateral masses which consist of the superior and inferior articular facet 
*inferior articular facet of vertebra above engages w. the superior articular 
facet below - in a roof tile pattern 

*these facets are what dislocates during trauma 


Slide 3 - skeletal bones 
*C1 (atlas) over C2 (Axis) 
*dens from C2, C1 will spin around C2 


Slide 4 - figure 1 


*X ray of the vertebral body in the neck showing anterior longitudinal ligament, 
disc, anterior annulus, posterior annulus, posterior edge of disc and posterior 
ligament, spinal canal (between the back of the aspect of the vertebrae and 
anterior aspect of spina lamina line), facets which are out laterally, facet 
capsule, ligamentum flavum and interspinous ligaments 


Slide 5- X ray is the end point 


Slide 6 - factors dictating injury and outcome 

*mode of injury/ amount of energy dissipated in injury (fall from a chair or get 
hit by a motorbike in a car) 

*duration of time (time of injury till now) - if a few minutes and the patient has 
impaired neurological function - still a chance of recovery, if a few days the 
chance of recovery are very slim 

*other associated injuries - Spinal Cord injury, with bony fractures, abdominal 
injury, chest injury - which may be more life threatening in the short term 


Slide 7 - Examination 

*need to examine these patients overall for other system injuries 

*be aware of BP and pulse 

*pts w. SC impairment will lose the ability to control vasomotor tone of the 
vessels - allows the BP to drop and pts become HYPOtensive - be careful not to 
over-infuse these pts w. fluid - this will increase the congestion in lung and 
reduce oxygenation capacity 

*these pts need drugs that will increase the vaso-tone of the vessels to increase 
the BP - typically use low dose adrenaline 

*pulse - if high cervical injury - it will drop and become bradycardic - from 
cervical to T4 supplies the heart, if the heart is disconnected from T4 and above 
it will no longer receive the neural stimulation to increase the heart rate - will 
have a paradoxical situation where the pt has low BP, and low HR - indicative 
patient w. SC injury 

*in addition a male might have a period of priapism/erection indicating the 
transected cord 

*on palpating the spine one might find, BOGGINESS, PALPABLE GAP between 
spinous processes, TENDERNESS indicative of Spinal injury 


Slide 8 - Examination 

*a thorough Neurological examination must be done - power, sensation, 
reflexes and include a PR examination to assess perianal sensation as well if 
they have any residual tone - can they contract on finger, and whether the 
bulbocavernosus reflex has returned 

*whilst in spinal shock a patient WILL NOT have a bulbocavernosus 
reflex (when you tug on the catheter there is no involuntary constriction of the 
rectum or anus) 

*when this reflex returns it indicates end of spinal shock > patient is unlikely to 
recover 


Slide 9 - Spinal shock 

*physiological or anatomical transection of the SC resulting in temporary loss/ 
depression of ALL or most spinal reflex activity below the lesion 

*so paradoxically w. a SC injury you will get a period of LMN symptoms (flaccid 
paralysis) 

*once you come out of spinal shock the reflexes will return, become brisk, and 
increase in tone in LL despite no recovery in motor and sensation 

*presence of complete/ incomplete lesions can only be accurately be determined 
in absence of spinal shock - which typically lasts for 48 to 72 hours, only after 
that can one prognosticate about the return or not of neurological function 


Slide 10 - ASIA SCORING SYSTEM to categorise our pts 
*motor component: has MRC grading for motor power > C5 is tested at biceps, 


C6 is wrist extensors, C7 is triceps, C8 is finger, T1 is finger abductors 

*0 is no power, 5 is full power, 4 is near full power, 3 is ability to move joint 
through full range of motion against gravity, 2 is moving joint but not in full 
range and not against gravity, 1 is a flicker 

*add power score - total 25 (5x5) 

*In lower limb: hip flexors and knee extensors, dorsiflexors, plantar extensors 
*sensation: 0 for no sensation, 1 for impaired, 2 for normal 

*allows to quantify whether pt is improving or not 

*assess their last normal level: e.g., CS complete, even if there is a flicker in C6 
*impairment scale - between A (No power, no sensation) and E (normal) 

*B = some sensation distally to the lesion but no motor power 

*C = sensation distal to the level 

*D = reasonable motor power but not normal 


Slide 11 - ASIA score (calculating all no.s of power) 

*ASIA level - LAST normal level 

*ASIA impairment A to E = functional grading to decide if patient has 
complete/ incomplete (meaning is there any function distal to the level or not 
beyond zone of partial perseveration) > for example if the patient has normal 
biceps function, slightly reduced wrist extension and then nothing below C6, 
this is classed as a C5 complete with a zone of partial preservation of C6 and 
complete beyond that 

*incomplete - means there is some residual function below the level of the 
lesion 

*central cord- typically older pts, fall on the level, hyperextension with an 
underlying arthritic and narrow canal which causes the arms to be weaker than 
the legs 

*anterior cord - motor power, absent of sensation present 

*brown Sequard - seen in a direct injury w. a knife blade where there is hemi- 
section of a cord and there is loss of power on one side, sensation on one side, 
with retained deep pressure and temperature on that particular side due to the 
nerve decussation up the cord 


Slide 12 - image 

*very important to provide early pressure care in pts w. SC injury 

*pt been lying on a fracture board for 8 hours, already w. a pressure sore which 
breaks down rapidly when not turned 


Slide 13 - image 
*can take months to heal 


Slide 14 - 3 hourly turning 

*NB to log roll patients (group of nurses and doctors which turn the pt where 
the head, shoulders and pelvis are in alignment) - so that others can palpate the 
spine for injury or provide pressure care 


Slide 15 - Special investigations 

*following examination you would req. X rays 

*CT scan if want better visualisation of the bone 

*MRI to assess soft tissue including the neurological structures 


Slide 16 - x - ray (AP and LAT cervical) 
*LAT - anterior soft tissue line - should be less than half a body widths down to 


about C6, below C6 normal soft tissue line is about 1 vertebral body 

*draw a line down the soft tissue and correlate to the size of the vertebra 

*look at the anterior body line, posterior body line, spina lamina line and the 
spinal canal (between the posterior body line and spina lamina line) 

*draw lines of convergence down each of the spinous processes which converge 
at the back (normal x ray) 


Slide 17 - Table 1 
*Use a check list by WHITE AND PANJABI 


*Adding up the damage and if the point score is >5 the pt is unstable 

*can use to decide whether pt is unstable or not 

*generally when there’s damage to anterior column, posterior column with 
divergence between the posterior elements - pt is unstable 


Slide 18 - X ray - unacceptable cervical x ray 

*supposed to see from base of skull to T1 - only seeing 2, 3, 4 and top of 5 = 
inadequate 

*can do a shoot through/ flying angel/ swimmers view through the shoulders w. 
the arms up - can now see the dislocated vertebrae 


Slide 19 - x ray 
*2, 3, 4, 5 - inadequate however when re- xray - how it masks instability 
*subtle at C3, 4 but marked instability on flexion and extension 


Slide 20 - child x ray 

*unacceptable, looks disorganised because has been rotated 

*soft tissue line is increased at C2 (should be less than half a body widths), 
suggesting some pathology at C1, 2 

*on repetition of x ray, atlanto-dens interval - space between front of C1 arch 
and the dens, in a child should be 5mm or less and in an adult 3mm or less, and 
in image shows 1cm = abnormal suggesting transverse ligament is disrupted 


Slide 21 - X rays - open mouth view 

*set x rays down in a trauma series for a neck: AP, LAT and open mouth view 
*top of C2, lateral masses of C1, odontoid/ dens associated w. a fracture 
*generally the dens tilts posteriorly 

*if the dens are straight - fracture! 


Slide 22 - CT scan 
*R image - confirms fracture 


Slide 23 - MRI scan 

*useful when concerned about neurological structures 

*reserve them for when worries about neurological impairment 

*pt w. central cord syndrome, fluid inside the disc, stenosis, normal CSF below 
but at this level above there is no CSF - stenotic - reason for neurological 
impairment 


Slide 24 - A mechanistic classification 
*use the ALLEN and FERUSON classification for mechanistic for cervical 
fractures 


Slide 24 - Allen et al 
*Divide fractures into 
-compression and distraction 
-flexion and extension 


Slide 25 - X ray 

*example of compression flexion injury w. the head flexed forwards there was 
downward pressure 

*more force applied - starts to beak 

*more force applied - fracture - tear drop fracture suggests a high unstable 
injury because for this to occur have to flex the spine and knock the vertebrae 
in an accident 

*stage 3 (on graph 2" bar) - 30% paraplegia 

*stage 4 - fracture with retrocelecesis - 40% total paraplegia 

*stage 5 total retrocelecesis an 90% of them are paralysed (last bar) 


Slide 26 - x ray 
*distractive extension - space opens up 
*worsens w. 2"? image 


Slide - distractive flexion 

*common injury and known as a uni and bifacetfication 

*stage 1 - subluxation - forward kyphosis due to rupture of ligaments at the 
back 

*facets have “jumped” - bow tie sign - rotation of one above and bottom not 
rotated 


Slide - classification 

*looks at the morphology, ligament involvement and neurological status 
*adding up points - indicates whether pt is stable or unstable 

*rule of thumb - if you see an anterior injury with an associated posterior injury 
- the patient in unstable 


Slide - ultimate outcome 

*depends on EALRY RECOGNITION of injury and PROMPT RESUSCITATION if 
pt has a SC injury w. neurogenic shock 

*if pt comes in w. LOW BP, and LOW Pulse R - need to resuscitate and give 
them IONOTROPES, like low dose adrenaline to get vasoconstriction to increase 
their BP, need atropine if they are very bradycardic, MUST be oxygenated 
because trying to preserve residual function of SC 


Slide - pathophysiology of SCI 

*INJURED by the mechanical (direct tissue disruption, motion stresses to 
damaged cord, persistent compression) and then secondary by the biochemical 
inflammatory response that occurs (assimilation of lysozymes, release of 
hydrolases, decreased metabolic activity, lipid peroxidase release with 
breakdown of neuromembranes within 6-8 hours) 

*steroids have been thought to stop this but clinical evidence shows have not 
been of much use to maintain good BP, to maintain movement of metabolites 
and bringing O2 into that area to maintain residual function 


Slide - developments 
*new developments of drugs (RILOZULE) and stem cells to improve this, 
however not in clinical use 


Slide - ultimate outcome 
Dependant: early recognition, prompt resuscitation, prevent additional injury to 
avoid complications 


Slide - image: that’s why we have a trained dedicated unit where people are 
trained to look after Spinal injury patients 


Slide - ultimate outcome 
*Create spinal stability so pt can be mobilised early, to wheelchair 


Slide - Atlanto-axial rotatory subluxation 

*child who looks normal but has a COCK ROBIN deformity - head turned to side 
and slight tilt on the head due to C1, C2 pathology 

*ROTATION + HEAD TILT = related to ATLANTO-AXIAL PATHOLOGY 

* this can be reduce under general anaesthetic and a halo jacket employed 

*you can also fuse the spine in the corrected position (bone graft) 


*Atlanto-dens interval increased - use halo jacket and buddy fusion behind 


*Fracture of posterior arch associated with hyperextension injury from striking 
the forehead 


*Concerned - if looking @ open mouth view - C1 arches - measure overlap of 
C1 and C2 

-overlap of C1 and C2 - add them together - if >7mm implies transverse 
ligament is ruptured - pt needs surgical stabilisation 


*Traumatic spondylocentesis of C2 - C2 sliding forward due to fracture at the 
ring at the back - vast majority can be treated non-operatively in a collar 

- if slip of >3.5 mm means disc Is torn - need surgical stabilisation - halo/plaster 
or instrumentation (screws or plate from front) 


*Dens fractures can be divided into 3 types 

-insignificant = TYPE 1 

-at the base - worst, tend not to heal, need to be surgically fixed = TYPE 2 
-through the vertebral body - usually unite and do not require surgery = TYPE 3 


*Can use a technique of BI-PLANER IMAGING in theatre - drill up into the dens 
and place a screw - to hold the peg in place whilst heals 
-occasionally would fuse from behind using screws 


*most stable form of fixation w. bilateral screws in C1 and C2 - but req. 
significant operative skill 


REDUCTION TECHNIQUE 
*MOST cervical pts unstable or dislocated will require a period of traction - 
calliper or halo traction applied 


*Not adequately into bone as pulling skin on ear 


*2 mattresses to put neck in neutral position (if on one flat bed - puts neck into 
flexion) 


*Traction - swan neck - weight 


*uni-facet dislocation -bow tie sign of oblique facet = reduce unifacet - aligned 
- taken to theatre to stabilise so does not occur again 


*burst - burst component pushing into canal, compression on the conus - fixed 
with a cage 


Summary 

*recognise SC injury 

*stabilise with log rolling or halo or cones callipers 

*definitively to avoid further injury 

*supportive care - pressure care, prophylaxis for DVT and gastric ulceration 
*rehab 


